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HOWARD SAMUEL FAWCETT, 1877-1948 
L. J. KLOTZ AND EUBANKS CARSNEB 


Howard Samuel Fawcett, Professor Emeritus of Plant Pathology of the 
University of California Citrus Experiment Station, died at Riverside, 
California, December 12, 1948. Botanical science thus loses a world author- 
itv. Professor Fawcett was an outstanding investigator of citrus diseases, 
his chosen field. 

He was born on a farm near Salem, Ohio, on April 12, 1877. His early 
education was at Salem where he completed the curriculum of the local high 
school. Then after a year’s attendance at Westtown School, a Friends’ 
preparatory school at Westtown, Pennsylvania, where he studied botany 
under Dr. Henry 8. Conard, he was graduated in 1899. After a year (1900- 
1901) of teaching science in a preparatory school at Le Grande, lowa, he 
went to Iowa State College where, working his way as teaching assistant 
to Dr. L. H. Pammel, he completed the science course in 1905, earning the 
B.S. degree. He filled the position of Assistant in Botany and Horticulture 
at the University of Florida during the vear following his graduation and 
became Assistant Plant Pathologist of that institution in 1907 and Plant 
Pathologist in 1908. In 1908 he earned his M.S. degree there. During his 
seven vears in Florida he made important contributions on fungus diseases 
of citrus insects, on scaly bark and gummosis diseases of citrus trees, and on 
stem-end rot of citrus fruits. While at the University of Florida he was 
associated with Hl. J. Webber, W. T. Swingle, and P. H. Rolfs, pioneers in 
citrus investigation. 

In 1912 he accepted the position of Plant Pathologist with the California 
State Commission of Horticulture, his immediate objective being to inves- 
tigate the destructive gummosis or footrot disease that was ravaging the cit- 
rus groves of that State. After a year with the Commission he joined the 
staff of the University of California as Associate Professor of Plant Pathol- 
ogy, continuing his work on gummosis. During the next three years he 
isolated the causal fungi, proved their relationship to the disease, and de- 
veloped successful methods of treatment—-results of great importance to the 
industry. 

The vears 1916 to 1918 were spent on leave at Johns Hopkins University 
where under Dr. Burton E. Livingston he investigated the temperature re- 
lations of certain fungi parasitic on citrus trees, and developed apparatus 
for temperature control which has proved very useful in botanical investiga- 
tions. He received the Ph.D. degree at that institution in 1918. 

As Professor of Plant Pathology in the University of California and 
Plant Pathologist in the Agricultural Experiment Station, Dr. Faweett 
served the University and State of California from 1918 to 1947, when he 
became Professor Emeritus. He turned over the administrative duties of 
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the Division of Plant Pathology in 1946 to his successor, to devote himself 
to research on diseases of citrus. He continued intensively active and pro- 
ductive until his death in December, 1948. Upwards of 300 articles were 
contributed in scientific and industrial journals. He introduced the serap- 
922 


ing treatment for citrus scaly bark (psorosis) in 1922, eleven years before 


he demonstrated the virus nature of that malady. His discovery of the 
eauses of gummosis and psorosis and his development of practical means 


c 


or their control have been of inestimable value in the successful production 





HOWARD SAMUEL FAWCETT 
1877-1948 


of citrus in California and other areas. During the last few years he played 
the leading role in the investigation of the cause of quick decline of orange 
trees, demonstrating its virus nature. In 1940 he proposed ‘‘a simple, easily 
applied pro tem manner of naming viruses’’ in which the stem ‘‘ vir’’ was 
added to the Latin genitive of the genus of the host in which the virus was 
first discovered and recognized, dropping the final consonants of this 
genitive. Quick decline and other virus and virus-like diseases of citrus, in- 
eluding stubborn disease of sweet orange, wood pocket of lemon, exocortis of 
trifoliate orange, and the various forms of pSOrosis were his major research 


interests in recent vears. The great importance of his work to the citrus 
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industry is recognized by scientists and by growers and processors of citrus 
fruits throughout the world. 

In the first edition of the book ‘‘Citrus Diseases and Their Control,’’ 
published in 1926, he collected his own contributions and the world’s knowl- 
edge of citrus diseases. Dr. H. A. Lee, who was junior author of this first 
edition, wrote certain sections on the diseases in the Orient. 

Dr. Fawcett studied citrus and date diseases in the Mediterranean coun- 
tries of Europe, North Africa, and Palestine during 1929 and 1930, serving 
as a Collaborator of the United States Department of Agriculture. He in- 
vestigated citrus troubles in Brazil and Argentina in 1936 and 1937. His 
findings in these travels were incorporated in technical papers and in the 
revision of his book, which has become the standard reference work and text- 
book in this field. 

The second edition of his book was published in 1936 and reprinted in 
1946. Dr. Faweett took up the responsibility and authorship of this edition 
since Dr. H. A. Lee had given up research in the field of citrus and requested 
that his name be omitted. In 1948, he contributed to Volume II of ‘*The 
Citrus Industry’? a chapter on control of citrus insects by fungi and bac- 
teria, and, as senior author, the chapter on ‘‘ Diseases and Their Control.”’ 
His textbook has been translated into Hebrew and may also be printed in 
Spanish and Portuguese editions. With L. J. Klotz he authored in two 
editions, 1941 and 1948, a ** Color Handbook of Citrus Diseases’’ which pro- 
vides citrus growers, packing house men, horticultural inspectors, and ex- 
tension workers with a ready means of identifying citrus diseases together 
with the essential information on control. 

Professor Fawcett was a charter member of The American Phytopatho- 
logical Society. Ile was vice-president of that society in 1929 and president 
in 1930. He was a member of Phi Beta Kappa, Sigma Xi, the Botanical 
Society of America, the Mycological Society of America, Societa Interna- 
zionale di Microbiologia (Milano), and Fellow of the American Association 
for the Advancement of Science. His name was starred in the Fifth Edition 
of ** American Men of Science’? (1933), which means his selection then as 
one of 250 leading American scientists and one of 25 leading botanists. In 
1940 Dr. Faweett was chosen to give the annual Faculty Research Lecture 
at the University of California at Los Angeles. Some of his most outstand- 
ing work is described most fascinatingly in that lecture, ‘‘ Adventures in the 
Plant Disease World.’’ 

Dr. Faweett’s energy and enthusiasm in his research activities, his good 
fellowship, patience, kindness, and fairness in all relationships with his 
friends and fellow investigators will always be an inspiration and guide to 
those who have been so fortunate as to have known him and to have been 
associated with him. 

He was a devoted, birthright member of the Society of Friends and a 


leading figure in the establishment and support of the Riverside Friends 
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Meeting. He worked quietly and persistently for the advancement of peace 
and goodwill in all human relationships and for relief of suffering wherever 
it occurred. He served in the famine-stricken area of southeastern Russia 
in 1922-1923, during a sabbatical leave, as a member of a mission sent by the 
American Friends Service Committee. The constructive program of minis- 
tration to the stricken people there, and the example of the members of the 


mission, laid a foundation of goodwill among the Russian people of that 


Surviving Professor Faweett are his widow, T. Helen Tostenson Faweett 
Riverside, California; a daughter, Rosamond Faweett Leuty of Whittier, 
California; two brothers, Luther T. Faweett of Younestown, Ohio, and 
Ralph F. Faweett of Asheville, North Carolina; and a sister, Esther S. Stan- 


of Westtown, Pennsylvania. 























CABBAGE SEED TREATMENT' 
GLENN A. HUBER2 AND CHARLES J. GOULD 
(Accepted for publication May 31, 1949 
INTRODUCTION 


Several hundred acres of cabbage are grown for seed each year in 
western Washington. For such a purpose the stock seed is planted in beds 
during June and July and the plants are transplanted to the fields during 
late summer and early fall. 

Fortunately, certain diseases of cabbage such as blackleg, black rot, and 
yellows have not yet become established in western Washington, possibly 
because of the cool, mild climate in this area. Other diseases, however, 
sometimes cause damage to the seed crop, especially in years when wet 
weather prevails during the spring and early summer months. One of 
these diseases is the mycosphaerella ringspot, commonly called ** black 
blight,’’ caused by Wycosphae re lla brassicicola Ir.) Lindau. 

A survey of several cabbage plant beds in Skagit County, Washington, 
during 1941 and 1942 revealed the presence of black blight lesions on the 
lower leaves of certain plants. These infections may have come from 
wind-borne spores or from infected seed. The possibility of plant bed in- 
fection arising from the use of infected seed was therefore investigated. 

Mature seed pods bearing large lesions of black blight were collected 
from severely infected cabbage plants. Microscopic examinations showed 
that the fungus had penetrated the seed coats and in a number of cases 
had produced lesions on the underlying cotyledons. Mycosphaerella bras- 
sicicola was isolated from a number of seeds so infected. Weimer? had 
also found that the fungus was capable of growing through the seed pods 
into the seed and, in a few cases, into the cotyledons. Ilowever, he did 
not find cotyledon infection in the plant bed. 

Seed taken from beneath large lesions on the pods were planted in the 
greenhouse. Many of the seedlings emerged with definite lesions on the 
cotvledons. In similar field experiments occasional lesions were found in 
isolated plant beds on seedlines evrown from seed selected the previous 
year from heavily infected pods. Greenhouse trials did not indicate that 
the seed-borne organism was capable of causing damping-off of seedlings. 

The relatively small amount of infection which may result from in- 
fected seed appears to be of little or no consequence where cabbage is 


Published as Scientifie Paper No. 838, Agricultural Experiment Stations, Institute 
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1 We lmner, . 2 L. Ringspot of eruciters ¢n ised by VW ycosphae re lla brassicicola Ir. 
Lindau. Jour, Agr. Res. [U.S.] 32: 97-132. 1926. 
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frown for market or home use. Ilowever, the use of infected seed as stock 
seed for furthering seed production is of considerable consequence, since 


only an occasional infection in a field in the fall may result in a build-up 


the disease to damaging amounts by harvest time the following year. 
‘| Importance of using as stock seed only ‘*‘clean’’ seed, or seed 
treated SO as to kill the funeus on and in the seed or On debris carried with 


th } 


seed, cannot be too strongly emphasized since the use of infected seed 
is an Important factor not only in introducing the disease into the plant 
bed but also in introducing it into new areas. 

A hot water treatment of seeds has been recommended for controlling 
such cabbage seed-borne diseases as Alternaria blight, blackleg, and black 
rot. Haskell and Doolittle’ summarized the data on temperature and 
duration of hot water treatments as presented by various investigators 
and recommended hot water at a temperature of 122° F. (50° ©.) for 25 
min or cabbage seed Walker pointed out that the hot water treatment 
must be used with great care, since it is likely to reduce germination some- 
what Old seeds were more susceptible to injury. Weimer? sugeested 
treatine cabbave for Wye osphaere lla brassicicola by immersing the seed in 
55°) C. or for 30 min. at 50° C. which is the same 
treatment suggested by Walker’ for Alternaria brassicae. Since Weimer 
found that MW. brassicicola was ** considerably more sensitive’’ to heat than 


] 


A. brassicae it seemed logical that a lower temperature could be used in 


t t cabbage seed for eliminating JW. brassicicola. 

rder to secure information pertaining to treatment of cabbage seed 
as a SUDDI ntal’s trol measure tor miveosphaerella rine spot black 

blight), a series of experiments were made in 1941-1943, inclusive. 

[ATERIALS AND METHODS 

The procedure used in treating the seed in hot water was as follows: 
The seed was weighed out in 5-egm. lots, each being placed in a small 
heese th bag, leaving only enough space in each bag for swelling of the 
seed The bags of seed were placed in the top compartment of a large 
double boiler where the water had been raised to slightly above the desired 
temperatil The addition of the seed lowered the temperature of the 
water to the desired temperature at which it was maintained throughout 
the treatment. The bags of seed were agitated frequently. Chemical treat- 


ment was executed by placing the seed with the required amount of chem- 
ical in 250-cce. flasks and vigorously shaking for 3 min. The chemicals 
used were the mereury compounds calomel, Corrosive sublimate, Barbak- 


(, and Semesan), tetramethyl thiuramdisulphide (Arasan and Tersan 


H 70 nd S. P. Doolittle. Vegetable seed treatments. U.S. Dept. \gr., 
I mers’ B 1862 194i Revised 1942. 

Walker, J. ¢ Diseases of cabbage and related plants. Us. Dept. Agr. Farmers’ 
B ) } 

Walker, J. ¢ Seed t tment and rainfall in relation to the control of cabbage 
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tetrachloro parabenzoquinone (Spergon), a carbamate (Fermate), and zine 
oxide. 

All treated and nontreated samples were replicated four or more times. 
Effectiveness against fungi was determined by plating 100 seeds of each 
replicate of treated and nontreated seed on potato-dextrose agar and in- 
cubating for 8 days at room temperature. Germination of seed was de- 
termined by placing 100 seeds of each replicate in the seed-germinator, 
and recording percentage germination after ten days. Percentage stand 


TABLE 1.—The effect of various seed treatments on germination of seed in Petri 
dishes and on numbers of fungi carried on and in cabbage seed, variety Marion Market 


Percentage of 
mm Percentage  » 
Treatment . : seeds producing 
germinationa ‘ : 

fungus colonies 


Nontreated check 84.7 rf 
Arasan, 1 per cent 98.0) 1.3 
Barbak-C, 2 per cent 89.3 3.7 
Calomel, as much as seed would carry 95.0 L7 
Corrosive sublimate, 1-1000, 20-min. dip 89.3 3.0 
Semesan, 0.4 per cent 82.0 1.3 
Spergon, 2 per cent 91.3 of 
Hot water, 45° C., 20 min. 97.7 0.0 
Hot water, 50° C.. 20 min. 91.0 0.0 
Hot water, 50° C., 20 min.; seed dried, treated with 
Arasan, 1 per cent 87.0 0.0 
Hot water, 50° C., 20 min.; seed dried, treated with 
Barbak-C, 2 per cent 92.0 0.0 
Hot water, 50° C., 20 min.; seed dried, treated with 
Calomel, as much as seed would carry 86.7 0.0 
Hot water, 50° C., 20 min.; seed dried, treated with 
Semesan, 0.4 per cent 19.3 0.0 
Hot water, 50 C., 20 min.: seed dried, treated with 
Spergon, Z per cent 86.3 0.0 
Hot water, 50° C., 20 min.: seed dried, treated with 
Zine oxide, 2 per cent 90.0 Oo 
F value (5.39 needed at 1] per cent level for significance 29.4 $7.0 
Difference required for significance (5 per cent 9.3 2.2 
Do (] per cent) 12.5 3.0 


4 Percentage is the same as the mean in these tests, since 100 seeds were used per 
replicate. 
was determined by planting 100 seeds of each replicate in the greenhouse 


in sterilized Puyallup sandy loam soil. 


RESULTS 
Table 1 presents results of an experiment to determine the effect of 
various seed treatments, including treatments previously recommended, on 
germination and on fungi carried on and in the seed. <A relatively high 
germination was obtained in all sets with the exception of the one soaked 
in hot water, dried, and treated with Semesan. 
Since treatment of seeds in hot water at 45° C. for 20 min. gave an 


improvement in seed germination and killed all the fungi earried on and 
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in the seed, it was deemed advisable to determine the effect of hot Water 
treatment at different temperatures and for different periods oft time on 
vermination of the seed and on fungi carried on and in the seed. Table 2 
vives data on such treatments. 

Treating the seed with hot water at 45° C. for 20 min. did not mate- 
rially reduce germination or stand but did kill all the fungi carried on and 
in the seed. Seed selected from pods having heavy ring-spot infection was 


treated with hot water at 45° C. for 20 min. and was immediately plated 


on potato-dextrose agar. No fungus colonies developed from the treated 
seed, nile sé veral Pune), Including’ Wycosphaerella brassicicola, developed 
Irom the nontreated seed. 
| The ¢ tof hot wate treatment on germination, on stand, and on the 
a n cabbagqge seed, Marion Market variety 
% 1 ot Seeds producing 
Germinatio Stand : 5 
; Tungus colonies 
, ] Per cent P. Ce 
SOS 78.5 ia 
xs Sth oS y 
89.2 S05 Q () 
Jive SOLD 6.0 
ae S1.~ 
SO 81.2 awe 
9().2 19.2 
89 79.2 0.0 
Si lisa 0.0 
s 76.8 { ) 
s 5S () 
- 57.0 a0) 
14 19.0) () 
ie 29 RQ on 
~~ 10.2 ( 
{ nt 
419 8 105.0 i = 
a ft 
7 6! z 
I ] S.0 } 
‘TO thie results obtained in this and in previous experiments, hot 


r at 45° C. for 20 min. was selected as the standard hot water treat- 
! nt for further experimentation. 
RELATION OF HOT WATER TREATMENT TO AGE OF SEED 


‘he relation of hot water treatment to age of seed and to different 


I 


es was investigated in another experiment. Treatment of 1-year old 
seed of four varieties (Steins’ Flat Duteh, Early Round Dutch, Copen- 
hagen Market, and Red Danish) generally increased germination up to 
i) per cent There was no strone indication of differences between 


Si rieties, in which germination was over 94 per cent. Three-year- 
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old seed of other varieties, however, suffered from treatment, the germina- 
tion dropping from 86.5 to 62.2 per cent in Marion Market, 77.2 to 69.5 
per cent in All Head, and 50.2 to 47.0 per cent in Danish Ballhead. Seed of 
three other varieties, the ages of which were unknown, were also injured by 
treatment and germination counts were lowered as follows: Glory of Enk- 

TABLE 3.—The effect of hot water at 45° C. for 20 min., followed by various 


chemical treatments, on seed germination and on stand of cabbage plants, Marion Mar- 
ket variety 


Percentage germination Percentage stand 
Hot water treatment fol Hot water treatment fol 
Cy ae Chemieal lowed by chemical treat- Chemical lowed by chemical treat 
oe treat ment when seeds were: treat ment when seeds were: 
ment ment 
onl . Partly nly . Partly 
" Wet >) Dry Av. ~ Wet * Dry Av. 
dry . dry . 
Nontreated 
check S00) 88.2 RO) 87.0 86.0 50.2 50.0 $?.6 44.6 16.8 
semesall, 
0.4 percent 77.0 88.6 79.6 89.0 83.6 80.2 79.4 68.8 70.4 74.7 
Zine oxide, 
2 per cent 86.2 86.8 80.4 94.0 86.8 79.6 14 79.6 72.0 75.7 
Calomel! 
5 per cent 82.2 86.2 82.6 93.2 86.0 fiz 69.2 73.4 71.0 112 
Tersan, 
l per cent 80.0 84.2 75.4 87.2 81.7 83.8 84.5 85.2 85.0 84.7 
A rasan, 
l per cent S60 SOLO 85.8 G06 87.8 S300 R? 0) 81.6 83.0 892.4 
Fermate, 
l per cent 85.6 89.0 SS.4 93.4 89] 74.2 95.0 71.8 69.8 67.7 
ope rgon, 
2 per cent 84.2 84.0 76.8 93.2 84.6 71.4 74.0 77.6 81.2 76.0 
Av. 82.6 87.0 $2.2 91.0 85.7 74.2 70.7 72.6 ic. de. 
F needed LMD 
a 5 ] 5 1 


per cent per cent per cent per e nt 


Germination: between chemical treatment 


and hot water treatment 12.4 1.5 1.8 3.9 o.2 
Stand: between chemical treatment 
and hot water treatment 29.2 1.5 1.8 6.1 8.1 
Between hot water and no hot water 
treatments 3.4 ae | 3.9 y Ay fo 
Between chemical treatments 114.9 2.3 2.8 3.1 4.0 
Treatment interaction 15 1.6 2.0 


huizen, from 68.8 to 59.0 per cent; Premium Flat Dutch, from 43.0 to 


11.8 per cent; and Copenhagen Market, from 32.2 to 18.2 per cent. 


CHEMICAL TREATMENT FOLLOWING HOT WATER TREATMENT 


The following experiment was set up to determine the effect of various 
chemical treatments following the hot water treatment on germination of 
the seed in Petri dishes and on stand of plants from seed planted in non- 


sterilized soil. The objective of the double treatment was to kill seed- 
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borne organisms with the hot water and to protect the seed from soil-borne 
fungi with the chemical treatment. ive replications were made with each 
treatment. In the first set the chemicals were applied while the seed was 
still wet from the hot water treatment; in the second set they were ap- 
plied 12 hr. later when the seed was partially dry; and in the third set 
chemical treatment was delayed until the seed had been dried for 60 hr. in 
the laboratory. 

With few exceptions the percentage germination shown in table 3 was 
ereater than the percentage stand, the greatest difference being in the non- 
treated check and in lots treated only with hot water. These results show 
hat hot water treatment of cabbage seeds should be followed with a chem- 
ical treatment before seed are planted in soil. Tetramethyl thiuramdisul- 


de, either in the form of Tersan or Arasan, consistently improved the 


Lk 4 The eff of soa qd hot water at 4 C. fo min.. followed 60 hr. 
by eight of Arasan, on germination of seed and on stand of ser 
pa 
us l Stand 
I! 
a 1 Nontre ad ad 
( \) ef ad QS 4 96.0 6.5 61.2 G].8 61.8 
: 7 = 92.5 6.5 24.2 87.4 244.4 
“4 v2.4 N.S ov 0.4 59.1 
T t ) ws 92 5 NS 27 } S14 o06.! 
‘ \T 7 Q Te 4 54 6.1 16.4 2400.3 
‘ 5 87.4 Log 10.6 OSS 1949.5 
SUS 92Z.( 81.9 49 4 74.0 R4 
~ 1) RR 71.8 92.8 1] 67.0 Og 8 
at significance is 5.3 (5 per cent) and 11.3 (1 per cent 
d for significant s 7.7 ) pe r cent) and 21.2 | per cent 
stan f plants over the other treatments. The mean stand difference be- 
tTwer [ atment with this and other materials was highly significant. The 


in stand was also highly significant between seed treated only 
with the chemicals and seed treated with chemicals immediately after hot 
water treatment In the latter part of the test, zine oxide and Fermate 
vere responsible for the ereatest reduction. The differences between the 
various treatments of dry and wet seeds with Tersan and Arasan were 
negligible. The analysis of the data for stand indicated that there was 
also a highly significant interaction between chemical treatment and_ hot 
water treatment. This is especially evident if we compare results for the 
seeds treated with Semesan or Spergon and results for the seed treated 
with these materials 60 hr. after being treated with hot water. Semesan 
cave best results on seed not treated with hot water, but the reverse was 


true ol Spergon 
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HOT WATER TREATMENT OF DIFFERENT VARIETIES 

In another experiment the seed of several varieties of cabbage was 
treated 8 months after harvest with hot water at 45° C. for 20 min. After 
being dried at room temperature for 60 hr., the seed was treated with 1 
per cent by weight of Arasan. The results are given in table 4. 

As in the preceding experiment, the percentage stand was less than the 
percentage germination. However, the percentage stand of the treated 
seed in every variety was significantly higher than the percentage stand 
of the nontreated seed. 

SUMMARY 

1. Treatment with hot water at 45° C. for 20 min. caused little or no 
injury to vigorously germinating cabbage seed and was effective in de- 
stroying fungi, including Mycosphaerella brassicicola, carried on and in 
the seed. 

Bs Three-year-old seed of certain varieties was definitely injured by 
the hot water treatment. 

3. The hot water seed treatment, followed by various chemical treat- 
ments, resulted in a highly significant increase in stands of cabbage plants 
over the nontreated check. 

$4. The hot water treatment (45° C. for 20 min.) followed by 1 per 
cent by weight of Tersan or 1 per cent of Arasan 60 hr. after hot water 
treatment proved the most effective double treatment. 

STATE COLLEGE OF WASHINGTON 

WESTERN WASHINGTON EXPERIMENT STATION 
PUYALLUP, WASHINGTON 








MODE OF INFECTION OF THE SWEET-POTATO 
WILT FUSARIUM! 


Accepted for publication June 8, 1949) 


aye) 
( 


The Fusarium wilt disease of sweet potato (Ipomoea batatas Poir.), 


known also as stem rot, is caused by the soil-inhabiting vascular pathogen, 
Fusarium orysporum ft. batatas (Wr.) Snyd. et Hans. Invasion of the 
stem by this fungus produces a brown discoloration of the affected xylem, 
a vellcwing of the leaves, and eventually the death of the shoot. The in- 
vestigatio 


reported here on the mode of infection was undertaken with 
the hope that a basis might be provided for a sound approach to control. 


REVIEW OF LITERATURE 


eTtion oft sprouts trom diseased mother potatoes by Was of the Vas- 


‘ular connection between the two has been shown by Harter and Field (6), 
Harter and Weimer (7), and Poole 14 These authors, however, agree 
that the incidence of infection from this source is considerably less than 
that found in the crop, and suggest that most of the infection of the crop 


nay come from the field soil. Furthermore, Harter and Field (6) cite 
experimental evidence that only a low percentage of the sprouts formed 
by diseased potatoes are diseased. 


Infection of sprouts via the basal wound formed when the sprout is 


drawn from the mother potato, and via other wounds, has been claimed 
by Cire for } . Harter and Weimer Gy . and Poole and W oodside 16 

Watanabe (21) obtained mild infection when the inoculum was inserted 
into a vine, but no infection resulted from placing the inoculum on the 


surface of the vine 

Infection of the sprout by way of its roots has been claimed by Daines 
2), Harter (5), and Taubenhaus (20), and listed as rare by Poole and 
Woodside 16 The necessity of wounds for infection Was not specified 


by these authors, but Daines (2) advises against fertilizer injury to the 


roots, and Poole and Schmidt (15) claim that, by providing wounds on 
the roots, nematodes aid the entry of the pathogen. 
Much of the rest of the literature on this disease is concerned primarily 


with control practices which only indirectly imply the mode of infection. 
The three categories of control practices are hill selection, seed dipping, 


and sprout dipping 


Hill selection is the practice of saving seed potatoes from healthy plants, 


and implies that the sprouts become infected from their mother potatoes 
\ revision of a section of a thesis submitted to the Graduate Division of the Uni 
rsitv of ( fornia at Berkeley in partial fulfillment of the requirements for the de 

g of Doctor of Philosophy 
The ithor wishes to acknowledge his indebtedness to Dr. William C, Snyder and 
‘ther members of the Division of Plant Pathology for counsel and advice in this work. 
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and that potatoes are not infected from the tail or root-tip end. Some of 
the advocates of hill selection are Daines (2), Gregory (4), Harter (5), 
Manns (11), and Poole (13). 

The immersion of seed potatoes in some fungicidal solution prior to 
bedding implies that healthy potatoes may be infected from the hotbed 
soil, resulting in the production of diseased sprouts. Layton (10) re- 
ported that seed dipping increased the percentage of healthy plants, but 
his data show this increase to be small. Other advocates of seed dipping 
include Elmer (3), Gregory (4), and Harter (5). It is evident that the 
fungicide deposited on the surface of the potato will not cover the wounds 
formed later when the first crop of sprouts is pulled. Harter and Whitney 
(8) contaminated healthy uninjured seed potatoes with a spor. suspension 
of the pathogen and found a low percentage of infection in ne first crop 
of sprouts, and a higher percentage of infection in the subsequently formed 
sprouts. 

The immersion of the roots and bases of sprouts in a fungicide prior to 
planting implies that the sprouts become infected from the field soil and 
that the fungicide will protect the sprout from such infection. Some of 
the advocates of sprout dipping are Elmer (3), Layton (10), and Manns 
and Heuberger (12). Porter and Parris (17) presented evidence that of 
five chemicals commonly used in sprout dipping, none showed any statis- 
tically significant effect in reducing the incidence of Fusarium wilt. 


MATERIALS AND METHODS 


Seed potatoes of the Porto Rico Red variety were obtained from growers 
in the San Joaquin Valley and bedded in an electrically heated, formalin- 
disinfected hotbed in the usual manner. When sprouts 6 to 8 in. tall were 
obtained, tip cuttings were made with a flamed razor, the cut being made 
about 1 in. below a node on the aerial part of the stem. The discarded 
part of each sprout was then examined to insure that only originally 
healthy sprouts were used. Vascular discoloration was relied upon to re- 
veal the presence of the disease, since no instance was ever found where 
the pathogen was present in the absence of discoloration. 

Freshly cut sprouts could be inoculated by dipping the fresh basal 
wound into a spore suspension of the pathogen. The sprout cuttings were 
set in steamed sand and placed in a warm chamber kept moist by a fine 
spray of water. After 4 to 6 days, roots were usually developed, and the 
basal wound of healthy cuttings was usualky healed by the formation of a 
callus. After the plants were gently separated from the sand, healed plants 
could be inoculated by dipping the entire root system and stem base in a 
spore suspension. All plants, whether inoculated or not, were immedi- 
ately transplanted to moist, steamed soil in 5-in. pots and set in the green- 
house. No manual firming of the soil was practiced lest breaking of roots 


result, but the soil was settled about the roots by watering the pots. 
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At the termination of each experiment the plants were collected with 
as much of the root system as possible and were washed free of adhering 
soil. <A plant was considered infected if it had the vascular discoloration 
ty pical of the disease. The roots and freehand transverse sections of the 
stem were examined under a dissecting microscope. This method was 
more accurate for stems than that of peeling away the cortex. Freehand, 
transverse sections of stems and roots, surface-disinfected with a mercuric 
ehloride solution (1: 1000 in 10 per cent ethyl alcohol), were cultured on 
acidified potato-dextrose agar. The results of these cultures corroborated 
the diagnoses based on vascular discoloration, and in representative cases 
the isolates obtained were tested on healthy cuttings and produced the 
Fusarium wilt disease. 

The cultures of Fusarium used in these experiments were all originally 
isolated from infected sweet potatoes and were maintained by single-spore 
transfers to potato-dextrose agar in culture tubes. 

Spore suspensions were made by adding water to a 2-week-old culture, 
‘ubbing the mycelial mat with a glass rod to aid spore liberation, and then 
decanting the spore-laden water. A spore suspension of approximately 400 


ec. was made from one tube culture. 


EXPERIMENTAL RESULTS 
Identification of the Pathogen 


Twenty-six single-spore cultures of Fusarium orysporum isolated from 
sweet potato were examined and it was found they could be separated into 
three distinct groups by their cultural characteristics (Fig. 1). Some 
slight differences were noted between the members of each group, indicat- 
ing the presence of several clones. Mutants were segregated by single- 
spore transfers from old cultures of each group, but in no case did a mu- 
tant of one group show the characteristics of one of the other groups. 

All of the cultures were tested on freshly cut sprouts to ascertain 
which were of the wilt pathogen. At first the plants were examined after 
only ] week, but it Was soon found that ys weeks were preferable, in order 
to give sufficient time for the pathogen to grow upward in the stem to 
the ground level where it could be reisolated readily. In addition to the 
vascular discoloration and other previously described symptoms, all eul- 
tures of the pathogen caused a brown rot of the basal wound. The wilt 
pathogen was the only one that could be isolated from such lesions. 

Eleven of the 26 cultures tested were pathogenic (Table 1), and the 
wilt symptoms produced by them were alike. These 11 cultures consisted 
of all the members of two of the three culturally distinct groups noted. 
[It is believed that these two groups correspond to the two species (Fusa- 
rium bulbigenum var. batatas Wr. and Fusarium oxysporum f. 2 Wr. 


listed by other authors as the causal organisms of the disease. As the 


‘ 


svstem of nomenclature proposed by Snyder and Hansen (19) lists the 
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two former species as one forma, the terms group I and group II are used 
in this paper to distinguish between these two culturally distinct groups 
found in Fusarium oxysporum f. batatas. 

Group I cultures are believed to be equivalent to Fusarium bulbigenum 
var. batatas Wr., and have the following cultural characteristics when 
erown on potato-dextrose agar in culture tubes (Fig. 1, A): aerial my- 
celium violet to white, abundant in both young and old cultures, substrate 


becoming dark slowly ; microconidia abundant ; sporodochia formed slowly, 





wn C hee 


Fic. 1. Macroconidia and appearance in culture of (A) Fusarium oxysporum f. 
batatas group I, (B) F. oxysporum f. batatas group II, and (C) F. oxysporum non- 





pathogenic to sprouts. Spores 500 x, cultures 1 month old on potato-dextrose agar. 


producing macroconidia which are otherwise rare; macroconidia mostly 
3- to 5-septate; 3-septate macroconidia average 35.3 4x 3.4; sclerotial- 
plectenchymatous masses blue, numerous, and small. 

Group II cultures are believed to be equivalent to Fusarium orysporum 
f.2 Wr. and have the following cultural characters (Fig. 1, B) on potato- 
dextrose agar: aerial mycelium violet to white, abundant in young cul- 
tures, becoming sparse in old cultures; substrate becoming dark rapidly; 


both microconidia and macroconidia abundant, mostly 3-septate, rarely 5- 
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ntat macroconidia average 33.9 pw $2? we: sporodochia formed 
equently occurring on sclerotial-plectenchymatous masses which 
numerous, and both laree and small. 
I ation of freshly cut Spro fs with cul res of Jf sa) m 
solated fro sweet potato 
N Number of : Number of Number of 
{ uture 
s sprouts sprouts sprouts 
: number 
| inoculated Infected 
Nonpathogenie cultures 
~ bs 5 0) 
62 6 15 () 
7 ss 19 ( 
| 12 15 
s 13 - () 
|: 1) 5 0 
20 27 15 ( 
] ov > () 
18 165 15 0) 
- 17 15 ‘) 
| 50 34 ( 
1s 60 > 
1] x: Ld ( 
O7 1: () 
] oculiation of Healed Cuttings 
( determine whether the pathogen could intect uninjured 
basal vounds were allowed TO heal before inoculation. To le- 
leneth of time necessary for healing, cuttings were set in 
d for various intervals and then were removed without root 
placed in a safranin solution for 6 hr. The absence of safra- 
m was used as an indication of complete healing, which was 


plished by the formation of a callus over the wound. 


‘vy for complete healing varied, presumably with the 


t + or 5 days in hot bright weather and longer with 

itions 

eriments healed cuttings were inoculated with cultures 
‘nh group of the pathogen. Some of the plants were 

me of inoculation by severing the roots or the healed 


ere left uninjured. The appearance of plants 


cs is shown in figure 3. The experimental results have 


nts show that the wilt Fusariwm is incapable of pene- 
njured plants, even after considerable periods of time 
readily where the xvlem Was exposed by wounding the 
ut no infection occurred via the root tips or wounds 


Or secondary roots 


ent. not included in table 2, only one root of each healed 
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plant was severed at the time of inoculation. Of 30 plants so treated, 24 
became diseased, indicating that a high percentage of infection can result 
from only one wound per plant. A mild form of the disease resulted be- 
eause of the unilateral infection of the stele insured by the nature of the 
experiment. 








Fic. 2. Bases of sweet-potato plants showing discolored roots infected with the 














wilt Fusarium via a fresh basal wound (left) and via severed roots (right). 
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hic. 3. Sweet-potato plants grown from healed sprouts inoculated with and with 
out wounding. A—D. Two weeks after inoculation; (A noninoculated control, B) 
inoculated without injurv, (C) roots severed and inoculated, (D) eallus severed and 
inoculated. E-H. One month after inoculation; (E), (F), and (G) same treatments 
as A, B, and C above using wilt Fusarium group I, (H inoculated without injury 
using wilt Fusarium group rH. 
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When fresh basal wounds were covered with an asphalt emulsion, or 
with sweet-potato latex, callus formation was not suppressed. However, 
inoculation prior to callus formation resulted in a mild infection indiecat- 


ing that the apphed substances did not completely seal the wound. 


‘ABI Results of inoculation of wounded or uninjured healed cuttings with cultures 
of f sa m oxysporum y. batatlas group I or group ai 
Duration Number of Number of 
im of test plants in infected 
in weeks test plants 
None 2 15 0 
! 24 0 
S 95 0 
12 5 1a 
Group | rd $() 1a 
{ 29 Da 
s 30 Ya 
12 10 Ja 
Group I] ya 15 0 
20 Da 
bet 15 0 
12 10 0 
| Ss 1 None 2 } 0 
Group I 2 19 19 
Group I] Z = ) 
R S None 2 } 0 
Cr! p | 2 ?Yy ?s 
Group II 2 5 { 
I trace to icecidenta wound on stem, 


Inoculation of Vines 


The sweet-potato plant is capable of sending out roots at any node that 
is buried in the soil even though the vine on which that node is located is 
still attached to the mother plant. This ability of the vines to tap down 
as utilized in these experiments to get roots without the necessity of 
having a basal wound or a basal eallus. Potted healthy plants were 
crown until they had vines of sufficient length so that a node on the vine 
could be set in the soil of an adjacent pot. Before the node was covered 


with soil a spore suspension could be poured over the interred portion of 


the vine In some cases this part of the vine was left uninjured, and in 
others a notch was cut into the vine, or a leaf was pulled off just before 
inoculation The Jersey variety of sweet potato was found to be _ best 
adapted to this kind of experiment as it typically forms longer and more 
suppl nes than the Porto Rico Red variety. Both varieties were used 


and were found to respond alike. 
‘he results (Table 3) showed that a vascular wound was necessary 
for infection to take place and that root tips and wounds caused by the 


eruption of adventitious roots were not portals of entry for the wilt 


Fusariun 
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TABLE 3. 


Treatment of 
inoculated 
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WILT OF 


Sweet Potato 


Results of inoculation of wounded or uninjured vines with Fusarium 


orysporum f. batatas group I or group I] 


Inoculum 


Duration 
of test 


Number of 
plants in 


Number of 
infected 











region of vine (in weeks) test plants 
Uninjured None 3 23 0 
Group I 3 20 0 
18 0 
6 10 0 
Group II 3 5 0 
6 10 0 
Stem notched None 3 19 0 
Group I 3 25 25 
Leaf removed Group I 3 12 10 
Group I] 3 12 10 


Tnoculation of Tobacco 


As the wilt Fusarium from sweet potatoes has been reported able to 
attack tobacco (1, 18), it was of interest to determine whether the mode 
of infection of that suscept was the same as that found for the sweet po- 
tato. The symptoms reported to be produced by the sweet-potato wilt 
Fusarium on tobacco are those of the Fusarium wilt of tobacco which was 
believed by Johnson (9) to be largely dependent upon wounds for initial 
infection. 

It was reported (18) that a Burley variety of tobacco was susceptible 
to two races of Fusarium sp., each of which could attack sweet potato, but 
that the flue-cured varieties were susceptible to only one of these races. 
Seed of a Burley variety (Kentucky Burley Improved No. 16) and of a 
flue-cured variety (Gold Dollar No. 15) were obtained from G. M. Arm- 
strong. 

Experiments were conducted in which both varieties of tobacco were 
inoculated with representatives of each of the two groups of the sweet- 
potato wilt pathogen. Three methods of inoculation were used; in one, 
seedlings were inoculated by dipping their roots in a spore suspension at 
the time of transplanting; in another, such seedlings were wounded by 
cutting their roots at the time of inoculation. The third method consisted 
of growing the plants from seed in pots of steamed soil, some of which 
were infested with spores of the pathogen at the time of planting. Neither 
transplanting nor cultivation was practiced, and thinning was accomplished 
by cutting the excess plants off at the ground level, so as not to disturb 
the remaining plants. At the end of an experiment each plant was sur- 
face-disinfected and examined for vascular discoloration, and isolation 
pieces were taken from the stem at the ground level. The results from 
examination and isolation corroborated each other. From table 4 showing 
the number of plants infected for each method of inoculation, it may be 
seen that the nontransplanted, uninjured plants were not infected by 
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ther group of the pathogen, and that those plants whose roots were cut 
under a spore suspension showed the differential infection described by 
Smith and Shaw (18 The transplanted plants whose roots were not 
eut gave intermediate results, the amount of infection depending appa- 
rently upon the amount of root damage done by transplanting. Thus it 
has been found that these cultures of the sweet-potato wilt Fusarium are 
pathogenic to tobacco and that wounds exposing the xylem are necessary 
for infection 


TABLI } Res fs of three methods of inoculation of two varieties of tobacco with 
of fF Sa n orysporum r. batatas group ] and group Il 


— Burley variety Gold Dollar variety 
\N, irat 1 
noculum of test - : f ; si é 
n Number of Number Number of Number 
in weeks ° > ° > 
plants infeeted plants infected 
Not transplanted None LO 5 cf 5 0 
ininjured Group |] 10 LO 0 10 0 
Group II 10 10 0) 10 0 
Trans} nted None 6 10 0 10 ‘) 
ts not t Group | 6 »() 5 20) 0 
Group I] 6 () 1 20) 0 
ns] nted None 6 15 0 15 0 
Group |] 6 21) 2() 2) 1] 
Group II 6 ~0) 1] »1) 0 
DISCUSSION 
“he mode ot infection ot Fusarium OLrysporium FE. hatatas is of evreat 


importance in the consideration of control practices against the disease 
which it causes. Experiments with cultures of this organism show that 
wounds involving the xylem are necessary for infection of sweet potato 
and tobacco. This is not in agreement with the modes of infection re- 
ported for other Fusarium wilt pathogens for which wounds are not con- 
sidered to be essential. Although it has generally been considered that 
the wound at the base of a sweet-potato sprout is an aid to infection, it 
appears that infection does not normally oceur via uninjured root tips, 
root hairs, epidermal cells, stomata, or root eruption wounds. 

As the pathogen has been shown to be dependent upon vascular wounds 
for infection, sprout dipping should give better control than it evidently 
does. It may be postulated in explanation that sprouts may become in- 
oculated prior to treatment. This does not necessarily mean invasion of 
the sprouts from the mother potatoes, for a common practice among grow- 
ers is to freshen the sprouts by dipping the roots in water prior to treat- 
ment. The hotbed soil which is thus washed off the roots may contain 
spores of the pathogen and a spore suspension may result. Exposure of 
fresh vascular wounds to a spore suspension is the most effective method 


+ 


of inoculation known for this disease. Infected seed potatoes may be of 


importance in the infestation of hotbed soil. 
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The danger of accidental inoculation of sprouts may be obviated by 
omitting the freshening dip and by the use of sprout cuttings for direct 
field planting. Ilealing of sprouts prior to planting in the field is not 
feasible as a control practice because of the danger of root injury when 


such sprouts are transplanted. 


SUMMARY 


The principal mode of infection of sweet-potato sprouts by Fusarium 
oxysporum f, batatas was found to be by way of vascular wounds such as 
freshly cut stems, roots, or fresh leaf scars. Infection did not occur 
through uninjured stems or roots, root eruption wounds, or the callus of a 
healed basal wound. 

Tobacco, the other known suscept of this pathogen, was infected when 
roots were cut or damaged by transplanting, and remained healthy when 
inoculated without wounding. 

Single-spore isolates of the pathogen could be separated into two cul- 
turally recognizable groups which are believed to correspond to the two 
species listed by other authors as causing Fusarium wilt of sweet potatoes 
and may also correspond to two of the three races listed as causing Fu- 
sarium wilt of tobacco. 
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There has been a steady increase in the prevalence of blackleg of potatoes 
in New York State during the last few vears. At present the disease, while 
not of importance in large areas in the potato-growing sections, is destruc- 
tive in individual fields and numerous inquiries concerning it are being 
received from the growers. Also, further interest in the disease has arisen 
in connection with the problem of certification for seed potatoes. Since 
1938 blackleg has been disregarded in this program (9, 16) because it was 
held that the disease was not seed-borne to any appreciable extent; observa- 
tions, however, in New York State have not verified this supposition. When 
the disease appears in a field of potatoes, other fields planted to the same 
stock usually have varying percentages of infections; and in fields planted 
to potatoes from several sources, blackleg may be found in only one lot. 
Perhaps the most striking evidence for this last statement is contributed by 
the plots planted each year at Ithaca, New York, with the samples of potatoes 
presented for certification. Here certain samples give rise to blackleg to the 
amount of 6 to 7 per cent, while the remaining and surrounding samples 
are free from infection. The evidence all appears to be in favor of seed- 
borne infection, and if the disease arises from bacteria harbored in the soil it 
is probably unimportant in New York State. 

On account of the above observations and also because a review of litera- 
ture reveals so many conflicting reports on various phases of the disease, an 
investigation of blackleg was undertaken. The present article deals only 
with etiological aspects of this investigation. Such a study is important 
since opinions differ even on this fundamental question, and the problem 
has become involved in the entire subject of the soft-rot bacteria. 

The first authentic description of a bacterial pathogen causing blackleg 
and soft rot of potatoes was given by van Hall (10) in 1902. He applied the 
name Bacillus atrosepticus to the Gausal organism. In the previous vear, 
Jones (13) had described Bacillus carotovorus, a bacterium capable of 
producing soft rots in many fleshy vegetables and plant parts. From the 
first, the two bacteria were considered to have at least a generic relation- 
ship but it was not until years later that anyone considered them identical. 
Since the published description of these two pathogens, many other phyto- 
pathogenic bacteria causing rots have been reported and named and their 
differences and similarities recorded. Some of these bacteria have been 
proved to be synonyms of Jones’ or of van Hall’s organisms; others have 
been stated to be synonyms, with little or no substantiation. Various specific 
names, however, remain in the literature. In the sixth edition of Bergey’s 
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Manual of Determinative Bacteriology (2), ten species of soft-rot pathogens 
are listed in the genus Erwinia, where these pathogens are how placed. No 
adequate proof, however, is given of the validity of most of them. Under 
these names also are 15 synonyms, and some dozen other soft-rot bacteria are 
listed, but inadequately deseribed, in the appendix to the genus. 

In recent vears, Stanley (21) and Waldee (38) have thoroughly re- 
viewed the literature pertaining to the soft-rot bacteria of the genus Erwinia 
and it will not be repeated here. It should be pointed out, nevertheless, that 
three schools of thought exist concerning these bacteria. Leach (15) con- 
siders that there is one species, E. carotovora, and that EF. atroseptica with 
some six other named bacteria are synonyms of it. Thus, 2. carotovora is 
held to be the cause of blackleg of potatoes. Stapp (22) concurs with Leach 
but applies the name Bacillus phytophthorus Appel to the pathogen. At 
the other extreme, Elrod (8), Stuart et al. (24, 25), Borman et al. (1), and, 
to a certain extent, Stanley (2) hold that the soft rots of plants are caused 
by a group of aberrant coliforms. too heterogeneous in nature for definite 
species separation. Waldee (28) upholds the older view of various definite 
species, and in a study of peritrichous phytopathogenic bacteria lists 5 
species for which he establishes a new genus, Pectobacterium, comprising the 
organisms that attack the middle lamella of plant cells and produce soft rots. 
Thus a general confusion exists in literature as to the number of species 


and character of the soft-rot bacteria and as to the true cause of blackleg. 
MATERIALS AND METHODS 
Cultures and Tsolations 

Two-thirds of the bacteria used in the present investigation were isolated 


at the Cornell University laboratory from rotting vegetables and from 


blackleg lesions on potato plants. Tl remaining cultures were obtained 


from other laboratories and from the American Type Culture Collection. 
These cultures received from outside sources are important in that they 
form a connecting link between our work and the studies of previous in- 
vestigators 

Beef-extract peptone agar was used as the standard medium for making 
isolations and for maintaining stock cultures. These species of Erwinia 
produce fairly characteristic colonies on this medium and, furthermore, 
remain viable for long periods of time, at least 6 months, when held at 12°C. 
The cultures lose their viability in a few weeks when grown on _ potato- 
dextrose agar, on other media containing sugars, and on sterilized potato 
plugs 

Isolation plates made from soft rots of vegetables or blackleg of potatoes, 
with few exceptions, vielded pathogens belonging to the genus Erwinia and 
capable of producing soft rots. The few exceptions were a brown rot of 
potato tubers from which a Gram-positive pathogen was always isolated ; 


and onion rots that vielded Pseudomonas alliicola Burkholder and an un- 


described bacterial pathogen that did not belong to the genus under study. 
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Associated with the pathogens in the soft-rot lesions were many sapro- 
phytic bacteria that frequently outnumbered the former. The most com- 
mon types formed moderately large white colonies and were not unlike 
Acrobacter aerogenes in appearance and in their ability to reduce nitrates 
to nitrites, to form gas in sugar broth, and to grow well at 37° C. Attempts 
to produce rots in carrots and in potato tubers through artificial inocula- 
tions with these bacteria met with failure. Green fluorescent bacteria also 
were found not uncommonly in the isolation plates. Since vegetable rots 
have been reported to be caused by certain of these species, such colonies 
were transferred and saved whenever they appeared in any number or 
regularity. Of some 20-odd cultures only four had the ability to produce 
a soft rot of potato tubers upon inoculation; but a further study proved 
that the four cultures consisted of a saprophytic green fluorescent bacterium 


and a species of Erwinia. 
Pathogenicity Tests 


All isolates used in these experiments were first tested for their ability to 
infect potato tubers and cause a soft rot. The method used was that followed 
by Waldee (28) and others. The bacteria were placed on the surface of 
freshly cut tuber slices in moist chambers. Positive infection was demon- 
strated by the penetration of the bacteria into the tissues and the production 
of asoft rot. Readings were made in 24 hours, which was found to be a suf- 
ficient length of time. The method used by Elrod (8) was tried and dis- 
carded as unsatisfactory ; this method is a test for protopectinase production 
but is not necessarily a test for pathogenicity. Certain bacteria isolated 
from carrots did soften carrot and potato plugs under broth but did not 
cause infection under normal aerial conditions. Kramer (14) demonstrated 
this phenomenon, and Weimer and Harter (29) have shown that saprophytic 
species of Rhizopus may produce more protopectinase than phytopathogenic 
ones. 

Besides the pathogenicity tests on potato tubers, the isolates also were 
shown to have the ability to cause soft rots of carrots, cabbages, calla 
rhizomes, celery, cucumbers, iris rhizomes, lettuce, green pepper, onion bulbs, 
radishes, tender spinach, and tomato fruits. They were unable to infeet 
rhubarb and red table beet. 

Further inoculations were made on young growing potato plants in the 
vreenhouse to determine whether the isolates could produce the blackleg 
disease. The variety Sebago was used mainly since it is known to be sus- 
ceptible, and to develop typical symptoms of the disease. The plants were 
inoculated by injuring the stem at the ground level and at the same time 
inserting bacteria into the injury with a scalpel. Frequently the seed piece 
also was inoculated. The inoculated portion was then covered with moist 
earth, but bell glasses were not used. At least two plants were used in each 
test of a culture, and where infection did not take place, the experiment was 
repeated two and three times. 
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are considered as belonging to the species Erwinia atroseptica (van Hall) 
Jennison, and those in the second group to Erwinia carotovora (Jones) 
Holland. The first 23 isolates of EF. atroseptica produced typical blackleg 
when inoculated into potato plants. Of these, E18, E46, and E47 caused 
excellent infection of the stem. Except that the lesions were more brown 
than black, the symptoms were identical with those of blackleg. The last 
8 isolates of the group did not produce blackleg under our methods of in- 
oculation. They have been in culture for varying lengths of time and could 
possibly have lost this ability. It should be pointed out in this connection 
that Waldee (28) obtained blackleg infection with two of these cultures, 
EP2 and EA6, some ten years ago; and that Jennison (12) also reported in- 
fection with what is undoubtedly EP2. The 30 isolates listed under £. 
carotovora in no case produced blackleg of potatoes. 

Pathogenicity also was tested at various intervals during the investiga- 
tion to determine whether the isolates were still capable of producing the 
blackleg disease and the rot of vegetables. The ability to rot vegetables 
probably is seldom lost, if we may judge by the performance of C9, EP2, 
and EO which have been in culture approximately 28, 42, and 46 years 
respectively. 

Pure Culture Studies 

Before conducting the cultural and biochemical studies, all isolates were 
purified two and three times by replating. Furthermore, whenever there 
was any doubt concerning the purity of a culture during the progress of 
the work, it was again replated. Little or no variation appeared among 
the 31 isolates of Erwinia atroseptica. Greater variation was shown among 
the FE. carotovora isolates than those of FE. atroseptica, but even here the 
differences, which were never great and were usually in degrees of reaction, 
could not be considered varietal differences. A culture of Aerobacter 
aerogenes Was carried with the soft-rot bacteria for comparison. The 
(difference between this species and the Erwinia species was always distinct, 
hence there is no danger of confusing them. 

The methods employed in preparing the culture media and making the 
biochemical tests followed in these studies may be found in the latest edi- 
tions of the Manual of Methods for Pure Cultural Study of Bacteria (3) 
and in the Difco Manual of Dehydrated Culture Media and Reagents (4). 
Where a deviation occurs from these methods it is so stated. All cultures 
unless otherwise mentioned were incubated at 27° C. 

In conducting the fermentation experiments we used the basal medium 
of Koser’s citrate medium, that is, the inorganic salts, to which were added 
aseptically the various carbon compounds. Sugars, alcohols, and glucosides 
were added at the rate of 1 per cent and the organic acid salts at 0.15 per 
cent. The sugars were sterilized by passage through a Seitz filter. Brom 
thymol blue was used as an indicator except where the use of brom eresol 


purple is indicated. 
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ERWINIA ATROSEPTICA VAN HALL JENNISON 


The fol vine deseription of the pathogen is based ona study of the 3] 


isolates listed in table 1. The specific name used follows the work of Paine 


19), Morse (18), and Jennison (12 


Mo phology and Staining Reactions 


The pathogen is a non-spore-forming rod with rounded ends, approxi- 


mately 1.5 (1-21) by 0.7p. It is Gram-negative, and motile with peritri- 
cehous flagella (Casares-Gil’s stain). The number of flagella varies from 1] 
to 6. Cells may frequently have a central granule. At times old cultures 


such as EP2 may lose their motility, and flagella cannot be demonstrated 


Cultural Characters 


Beeft-extraet peptone agar (Bacto). Growth in 24 hr. is moderate, 


filiform, grayish white and iridescent, slightly moist, and butyrous. The 


medium remains unchanged in color. 

Brotl Moderately turbid with slight ring, but seldom a pellicle. Later 
awnites ment is formed 

Litmus milk. Coagulation after 4 davs. Some isolates are slower. 
Litmus is reduced and there is a slight separation of whey, but little or no 
peptonization. Cultures held at room temperature in this medium for 7 
months were not viable. 

Potato plugs. Growth is slight in 48 hr. with little subsequent increase. 
Tip of p sometimes becomes dark brown. 

Endo agar plates ( Bact Colonies cireular, 2 mm. in diameter; pink 


at first. becoming red and later covered with gold metallie luster. 
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paper. Neither is there an indication of H.S production in triple sugar iron 
agar ad acetate agar stabs, however, a slight darkening appears. 
Nitrates are reduced to nitrites in the svnthetic medium in 2 days. Sodium 
selenite also is reduced (0.1 per cent in a glucose-veast extract agar). The 
methyl red test is positive, the Voges-Proskauer tests negative, with the 


eption that E65 and E66 eave a slight reaction. A limited number of 
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ve when the Starr method (23) was used. Five 
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per cent sodium chloride when added to beef-peptone broth causes a decided 
reduction in growth; seven per cent inhibits growth. 

Carbon utilization studies. The writers are in agreement with Harding 
and Morse (11), Waldee (28), and others that the Erwinia soft-rot patho- 
gens are microaerogenic. In the present studies certain isolates always 
produced a small amount of gas in various sugar broths. Other isolates 
produced gas with no regularity and several cultures of both pathogens, E46, 
£47, E6G0-E62 and E64-E66 have remained negative for this character. 
Lactose formate ricinoleate broth was used with variable results. Beef- 
peptone or synthetic broth when used as a basal medium played no part 
in gas production, nor did the temperatures 21° C., 27° C., and 31° C. 
Furthermore, no correlation could be observed between gas production and 
other cultural characters of the two organisms under discussion. 

The utilization of the carbon compounds, however, is a dependable 
character, and may be used in a description of the organism. Erwinia 
atroseptica utilizes the following with an acid production except with the 
salts of the organic acid, where an alkali is usually produced: glucose, 
valactose, levulose, arabinose, xv lose, rhamnose, cellobiose, lactose, maltose, 
raffinose, sucrose, glycerol, mannitol, salicin, and sodium ammonium 
pectate’ ; also the sodium salts of citric and lactic acid. It does not utilize 
ethyl alcohol, ducitol, erythritol, nor the sodium salts of hippuric, malonie, 
tartaric, or uric acid. Starch is not hydrolyzed, nor is cellulose attacked. 

Since the fermentation of lactose is an important character in the family 
Enterobacteriaceae, the following observations are noted. Acid is formed in 
48 to 72 hr. with most of the isolates. Gas when produced appears later. 
Exceptions were EA6 and EAT, which were about 2 days slower in acid 
production, but they produced gas in this sugar, especially in lactose 
formate ricinoleate broth. 

Nitrogen relations. Erwinia atroseptica utilizes ammonium salts, potas- 
sium nitrate, peptone, gelatin, and veast extract, but not aspartic acid. It 
ean utilize asparagine as a combined carbon and nitrogen source. Tyrosine 
is not so used. Whether or not the pathogen utilizes this amino acid as a 
nitrogen source is not known, but a melanin reaction was never observed 
when tyrosine was added to a complete nutrient medium. The pathogen is 
urease negative by the method of Stuart ef al. (26). 

Optimum temperature is approximately 27° C.; minimum, 3° C.; while 
the maximum varied somewhat with the isolate. All grew at 31° C., a few 
did not grow at 32° C. and a few gave a light growth at 35° C., but none 
gvrew at a higher temperature. The freshly isolated strains are the most 


sensitive to high temperatures. 


ERWINIA CAROTOVORA (JONES) HOLLAND 


The following description is based on the study of 30 isolates listed in 
table 1. This soft-rot bacterium is very similar to the blackleg pathogen 


Product 24 of California Fruit Growers’ Exchange, Ontario, California. 
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and only its cultural characters which are different from those of Erwinia 
alrose ptr lL, as presented above, are set forth here. Attention is called, 


however, to the minor variations that are found within FE. carotovora. 


Morphology and Staining Reactions 


The flagella of FE. carotovora take the stain more readily than do those 
ot the blackleg pathogen 
Cultural Characteristics 


Broth. Certain of the isolates, but by no means all, produced a greater 
turbidity than did Hrwinia atrose pliea. 

Starch agar. EF. carotovora does not have as creat a tendeney to form 
spreading colonies on this agar as does the blackleg pathogen. 

Krumwiede triple sugar agar. The agar becomes vellow due to an acid 
reaction, but later certain of the isolates reverse the process and the agar 
takes on a red color 


Bioche prical Re act ions 


Vethyl red and Voges-Proskauer tests. Most of the isolates were methyl] 
red positive, a few were doubtful, and several were negative. The categories 
varied somewhat in separate tests, so definite figures are impossible. Again, 
in the Voges-Proskauer test the majority were unable to produce acetyl- 
methyl-carbinol. A few did produce this compound and others varied in 
this respect Waldee (28) obtained similar results. 

Carbon utilization studies Erwinia carotovora utilizes, in addition to 


those compounds listed as utilized by FE. atroseptica, the following: ethyl 


alcohol, duleitol, sodium hippurate, sodium malonate, and sodium urate. 
Growth in the last was rather meager. In one test FE. carotovora utilized 
erythritol, while the blackleg pathogen did not. In the utilization of these 
compounds we have a very definite distinction between the two species. 

The use of 5 per cent ethyl] alcohol in beef-extract peptone broth with 
brom thymol blue as an indicator is a reliable medium to separate Erwinia 
atroseptica and E. carotovora. Since certain commercial alcohols contain 


viable bacterial spores which must be eliminated, the alcohol should be 


filtered and added aseptically after the broth is sterilized. EF. carotovora 
turns the indicator medium first alkaline (blue), then in approximately a 
week, acid (vellow With FE. atroseptica the medium turns alkaline and 
remains sé 


The use of maltose and of glycerol has been advocated by several in- 
vestigators as a means of separating these two species of Erwinia. Dowson 
5. 6 used maltose, Waldee 28 elycerol, for this purpose. Elrod (7) 
also found maltose an aid in separating the groups of soft-rot pathogens in 
this genus. In the present investigation it was determined that both species 
were able to utilize the two compounds with varying amounts of acid produc- 
tion. £. carotovora when grown in a synthetic medium plus maltose pro- 


duces moderate turbidity, but acid production is so slivht it is not registered 
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by the brom cresol purple in the medium. On the other hand, many of the 
isolates of EF. atroseptica with little, or any, greater turbidity produce 
sufficient acid to turn brom thymol blue or even brom cresol purple to 
yellow. With the use of glycerol all isolates produce a sufficient amount 
of acid to turn brom thymol blue to vellow in a synthetic medium. When 
peptone is added as in the Waldee medium (28), £. atroseptica produces 
good growth, but little acid, and no color change with brom cresol purple. 
Certain isolates of EF. carotovora, however, produce sufficient acid from 
elycerol so that this indicator turns yellow. Thus a difference may be noted 
at times between the two species when grown in a maltose or glycerol broth. 
The difference is one of degree, however, and certain isolates vary in their 
ability to produce the acid. The tests are, therefore, not too reliable. 

T¢ Wipe rature re lations. Erwinia carotovora has a somewhat higher 
temperature range than does E. afroseptica. Few of the isolates would grow 
below 6° C. All grew at 35° C., and two made a slight growth at 37° C. 


There is some overlapping of the two species at 35° C 


DISCUSSION 


In the present investigation a sufficient number of isolates of the soft-rot 
bacteria of the genus Erwinia have been studied to reach certain definite 
conclusions. Also, a fairly extensive survey has been made of the char- 
acteristics of these bacteria that go beyond generic characters. The 61 
isolates used were of proved pathogenicity and of different ages and from 
different localities, and came from various plants and plant parts, but they 
readily fell into the two species, E. atroseptica and E. carotovora. The 
former appears to be a fairly stable species, since all such cultures were 
practically identical regardless of their history. FE. carotovora isolates 
showed certain slight variations but not such as could be considered varietal 
differences. 

During the investigation none of the isolates showed any indication of 
losing in culture the ability to produce a soft rot. Very old cultures also 
rotted potato tubers and carrots as readily as did recent isolates. Erwinia 
atroseptica, however, mar lose its ability to infect erowine potato plants and 
cause the blacklee svmptoms. 

The separating characters we have used for the two species are not all 
new. Dr. E. Fk. Smith (20) and Massey (17) both recognized that ethyl] 
alcohol utilization was a distinguishing character. We have discussed 
maltose and glycerol in relation to their use by other workers, and we believe 
they are not to be used with too much reliance. 

The fact that we were unable to find a culture of a soft-rot bacterium 
among our own isolates or those received from other laboratories that we 
considered Erwinia aroideae is interesting. Most investigators agree that 
species of Erwinia causing soft rot are microaerogenic, and at times gas is 
hot produced by either of the two species dealt with here. The character, 


therefore, is not a reliable one in distinguishing EF. aroideae. Townsend 
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gives only one other separatory character that can be used with ecer- 
tainty; that is, tolerance to temperatures higher than those in which E£. 
atroseptica or E. carotovora can grow. He states that the maximum tem- 
perature is 41° C., which is considerably above the maximum for the other 
two species. Townsend also reports production of H.S in lead-acetate agar, 
but here the character might be subject to interpretation. From our work 
we cannot state with certainty that FL’. aroideae is or is not a valid species. 
Three cultures that were received and labeled as such produced gas; two had 
the characteristics of F. atroseptica and one of EF. carotovora. Waldee (28) 
uses the name, however, and places A.T.C.C. 494 in this species although 
he reports that it causes blackleg of potatoes. We have placed this culture 
n F. atroseptica since it has the characters of the blackleg organism. 

The 61 soft-rot pathogens included in the two species and dealt with in 
his article cannot be considered aberrant coliform bacteria. The ‘‘ plant 
eoliform cultures’’ of Stuart ef al. (24, 25), Borman ef al. (1), and Elrod 

8) may be considered as such. No adequate proof has been given of their 
pathogenicity ; furthermore, their ability to grow well at 37° C. throws doubt 
on the possibility of these being species of Erwinia. They appear similar 


to the saprophytes referred to earlier in this article. 


SUMMARY 


Sixty-one isolates of Erwinia were studied in this investigation. They 
co ild be divided into two species, z.. atroseptica and E. carotovora. The 
former appears to be a more stable species than the latter. 

EF. atroseptica can produce the svmptoms of blackleg in potato plants. 
E’. carotovora can not. 

The two species may be distinguished in culture on the utilization of 
earbon compounds. £. carotovora utilizes ethyl aleohol, dulcitol, sodium 
hippurate, sodium malonate, and sodium urate. EE. atroseptica does not. 

Other characters that aid in separating the two species are their action 
elycerol, 


on maltose and their temperature relations, and their growth on 
starch agar 
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DEVELOPMENT OF ANTHRACNOSE AND SECONDARY ROTS IN 
STORED TOMATO FRUITS IN RELATION TO FIELD 
SPRAYING WITH FUNGICIDES 
M. B. LINN AanpD R. G. EMGE! 

(Accepted for publication July 5, 1949 


Anthracnose or ripe-rot of tomato, caused by Colletotrichum phomoides 
Sacc.) Chester, is one of the most destructive diseases of this crop. In 
addition to the losses from fruit rotting in the field, a high mold count in 
processed tomatoes may result from blending a very small percentage of 
anthracnose-affected fruits with those free from the disease (38). Thus, 
even a trace of anthracnose may prove costly to both grower and processor 
because of the additional time required for picking, sorting, and trimming, 
Although anthracnose is not of great importance in regions where toma- 
toes are harvested green and packed for shipment (2), and is found only 
occasionally on fruits in transit and in ripening rooms (10), the disease 
at times an important factor in the retail marketing of such fruits. 


A high percentage of infection was noted by the senior author on southern- 


atl | 
erown “‘ereen-wraps’’ displayed in stores in Urbana, Illinois, in) April 
1948 and again in St. Louis, Missouri, in January 1949.) Over 50° per 
cent of the fruit in one lot was rendered unsalable from anthracnose alone. 

Anthracnose lesions on mature® fruits often arise from infections which 
occur while the fruits are still green. Following penetration the fungus 
may remain dormant under the cuticle for as long as 3 or 4 weeks (3 
As the fruits approach maturity, growth of the pathogen is resumed and 
surface lesions appear (3, 11). Development of anthracnose is especially 
rapid cannery-red tomatoes after picking. Such fruits often develop 
numerous lesions if allowed to stand overnight in hampers. 

Defoliation of tomato plants appears to favor the development of an- 
thracnose (5 The close association between incidence of defoliation and 
anthracnose has been attributed (8) to similar weather conditions favoring 
both leaf-spot fungi and anthracnose or to increased anthracnose susceptl- 
bility of fruits on defoliated plants. Wilson and Runnels (15) found 
that fruit on early-maturing and early-defoliating, determinate (self-top- 
ping) tomato varieties are more subject to anthracnose than those on later- 
maturing and later-defoliating, indeterminate (not self-topping) kinds. 
They concluded that early contact of the fruit with the ground and exces- 
sive exposure to sunlight increase susceptibility to anthracnose. 

The ideal fungicide for the control of anthracnose should have a high 
degree of specificity not only for the pathogen causing this disease but also 
for the leaf-spot fungi. Ilowever, very few fungicides give good control 
of both defoliation and anthracnose. Fungicides containing copper are in 
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general reasonably effective against defoliation diseases but give rather 
poor control of anthracnose (8, 12). The zine salts of carbamic-acid de- 
rivatives such as ‘‘Zerlate,’’ *‘ Dithane D-14"" plus zine sulfate, ‘‘ Dithane 
Z-78,’’ and ‘‘ Parzate’’ appear to be efficacious against early blight and an- 
thracnose but not against Septoria leaf spot (1). The ferric salts such as 
‘*Fermate’’ give good control of anthracnose but appear inadequate against 
defoliation diseases (&, 12 

Practically all of the data reported thus far on anthracnose control with 
fungicides have been taken at harvest and do not include disease develop- 
ment in storage. Yet heavy losses may occur in the interval between har- 
vest and processing, especially at the peak of the season when it may be 
necessary for tomatoes to remain in hampers for several hours or even days. 
MeNew (38) reported an increase of about 20 per cent in anthracnose on 
unsprayed cull fruits left on the ground for a week after harvest compared 
with only 6 per cent on Fermate-sprayed fruits. Ile pointed out that many 
of these discarded fruits became infected while on the ground. However, 
the increase in infection during this period was ‘‘closely correlated with 
the amount of infection in each spray treatment at the beginning of the 
period.’ Wilson (16) stored fruits for 2 and 4 days after harvest in 
measuring varietal resistance among tomatoes to anthracnose. 

This paper presents results of investigations at Urbana, Illinois, from 
1945 through 1948 on the effect of spraying tomatoes with various fungi- 
cides, used alone and in alternating schedules with others, on the incidence 
of anthracnose in fruits at harvest and after storage. Data were ob- 
tained also on the development in storage of secondary rots caused pri- 
marily by soil-borne organisms and on the control of early blight caused 
by Alternaria solani (Ell. and G. Martin) Sor. The general fungicide 
tests were run in conjunction with cooperative experiments among several 
States. 

MATERIALS AND METHODS 

Several organic and inorganic, copper and zine fungicides were em- 
ploved in tests during the 4-vear period. These fungicides and concentra- 
tions were: **Bioquin 1°’ (copper 8-quinolinolate 1 lb./100 gal. water ; 
Bordeaux mixture—s8/8/100; **Dithane D-14’’ (disodium ethylene bis- 
dithiocarbamate) and zine sulfate—2 qt./1 lb./100; ‘*Dithane Z-78"" and 
‘*Parzate’’ (zine ethylene bisdithiocarbamate )—2/100; ‘‘Fermate’’ (fer- 
ric dimethyl dithiocarbamate )—2/100; Tribasic copper sulfate—4/100; 
Yellow Cuprocide (vellow cuprous oxide ) 1.5 100: and ‘*Zerlate’’ (zine 
dimethyl dithiocarbamate)—2,/100. ‘* Triton B-1956,’’ a wetting agent, 
was added to each spray mixture at the rate of 3 oz. to 100 gal. Sprays 
were applied with a single-nozzle, orchard-type gun (6/64-in. disk-aper- 
ture) adjusted to give a 40—-50° cone at 200 lb. pressure and at approxi- 
mately 200 gal. to the acre. Applications were made on the average at 
10-day intervals beginning about 4 weeks after the appearance of the first 
crown-cluster flowers. In schedules involving Tribasic copper sulfate al- 
ternating with ‘‘Zerlate’’ or with ‘**‘Fermate,’’ the dithiocarbamate was 
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used for the first, third, and fifth applications and Tribasie for the second 
and fourth. The fifth application of all fungicides was omitted in the 
1946 experiments. 

An early, determinate variety (Illinois T-19)* was used in 1945 and a 
later, indeterminate kind (Garden State) in subsequent years. Ten-plant 
plots replicated five times were laid out for each treatment. Fruits were 
picked at approximately weekly intervals and graded into U. 8S. No. 1, 


No. 2, and culls. The number and weight of anthracnose-affected fruits 


whic] ere laid to one side during gradine were reeorded. These fruits 
nh recombined with unaffected fruits and the total number and 
weight in the three grades recorded. Prior to 1948, fruits with only one 


lesion were classified as No. 2 if they otherwise fell into this category. 


“host th two or more lesions were considered as culls. In the 1948 
tests all infected fruits were classified as culls regardless of number of 
lesions 


The N 1 truits from each treatment* were eraded further for storage 


ests into an ‘‘extra faney’” selection consisting of those almost completely 
Iree Tron rowth cracks and from mechanical injuries received during 
picking and grading. These precautions were taken to prevent, insofar as 
possible, the development in storage of secondary rots which might result 
1 premature termination of the tests. The reseleeted samples from each 
treat t consisted of a minimum of 60 fruits. With the exception of one 
test in 1945 involving tomatoes harvested at the turning (pink-blush 
stage, fruits selected for storage were mature (cannery-red) so far as 


uld be determined from skin coloration. 


Tomatoes in the 1945 and 1948 tests were stored in clean hampers in- 


oors at temperatures which fluctuated between 65° and 80° F., while 
those in the 1946-47 experiments were left in uncovered clean hampers in 
the field. During this 7-day storage in 1946 rainfall totaled 0.42 in. on 
two consecutive days and air temperatures averaged 63° F. (high, 57 

low, 38 In 1947, rainfall was recorded as a ‘*trace’’ on one day out of 
the 5-day storage period with an average air temperature of 76° F. (high, 
89°; low, 67 Each fruit in all tests with the exception of those in 1947 
and in one test in 1948 (August 26) was examined one or more times be- 
ore termination of storage. Tomatoes affected with anthracnose or see- 
ondary rots at this time were counted and removed from the hampers to 
retard fruit-to-fruit spread of the causal organisms. No surface moisture 


Was evident at anv time on fruits stored indoors. 


RESULTS 


The relative efficiency of the several treatments in controlling anthrac- 
nose as determined from harvest records was not changed materially by 


holding No ] fruits In storage (Table ] - This corroborates MceNew s 


inder the name ‘*‘ Huelsen,’’ was claimed by Wilson (13) to be very 
tion from early blight and to anthracnose. 
from only one or two replicates in 1946 and 1947, and from each 


tes and combined in one basket in 1945 and 1948. 
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| TABLE 1.—Incidence of tomato anthracnose and secondary fruit rotsa at harvest 
and after storage in relation to field spraying with fungicides and to defoliation from 
early blight. Illinois T-19 variety used in 1945 and Garden State in 1946-48 


l Percentage anthracnose Percentage Per- 
Year> and secondary centage 


treatment’ At After _ rots after defolia 
rotald 





; harvest storage storage tion* 
1945 (1 
, Fermate-Tribasie 1.9 $0) 5.8 10 0) 
Zerlate OD 6.0 6.5 10 ‘) 
Fermate 5.0 15.0 19.7 15 1] 
None 15.4 $1? 0) 50.9 7 76 
| L.S.D.! . 5 
| 1945 (2 
Fermate-Tribasic 23 14 5 
Zerlate 25.9 1) 17 
Fermate $7.0 4:5 57 


None 54.9 }] 100 


1946 
Zerlate-Tribasi 5.0 P05 24.5 36 22 
Zerlate 1.1] A Fr 24.0 7 27 
Fermate-Tribasik 7.9 28.6 34.2 l ry f 
None 55.0 67.6 78.9 ] g5 
1947 
Zerlate 0.0 2 0) 20 28 9 


Zerlate-Tribasic 0 +.0 5.0 eZ 2 


Cuproeide SO 18.0 °5.0 9 6 
Z-78 8.0 22.0 28.2 a2 6 
Tribasi« 13.5 oa.U 32.0 aS 2 


None 9.9 4.0 10.0 24 $5 





1948 (1 
1)-14 $4 t. 8.2 60 Trace 
Parzate 6.55 12.0 its $2 do 
7-78 Wey 16.0 0.9 $7 do 
Zerlate 20.8 34.0 28 do 
Zerlate-Tribasie “S.4 37.0 24 do 
Tribasie 18.7 HS.0) 13 do 
Bordeaux 3.1 1.0 1s do 
8 oquin l 10.6 52.0 oe do 
None a 20 
L.S.D. 8.6 
1948 (2 
Bioquin ] 8.7 19.0 6.0 2 o 
Zerlate-Tribasi 6.7 2oeU 27.2 29 6 
1)-14 10.1 ?6.0 33.5 2) ] 
Parzate 23.6 37.0 51.9 16 
Z-78 20.2 10.0) 52.1 21 2 
Zerlate 2.5 $2.0) 19.2 19 7 
Bordeaux $0.5 7 
Tribasie 94.7 12 
None 77.5 67 
; L..8.D. 6.6 3 


‘Rots due primarily to soft-rot bacteria, Rhi opus sp. 


and Oospora sp., in descending 
order of importance. 





» Dates of harvesting, and storage of fruits: 1945 (1 Sept. 21, mature, 6 days in 
doors; 1945 (2 Oct. 5, immature, 10 days indoors; 1946—Sept. 27, mature, 7 days 
outdoors; 1947 Sept. 4, mature, 5 days outdoors; 1948 (1 Aug. 26, mature, 3 days 
indoors; 1948 (2)—Sept. 15, mature, 5 days indoors, 


‘Spraying dates: 1945—July 27, Aug. 9, 17, 27, Sept. 7; 1946—July 23, Aug. 5, 19, 
Sept. 5; 1947—July 24, Aug. 4, 15, 27, Sept. 5; 1948—July 9, 19, 30, Aug. 6, 18. 
ae 100 —- AH AS 
! Minimum total percentage AH where AH = number of infected 


LOO 
fruits at harvest and AS=number developing symptoms in storage. 
Defoliation records taken 5 days before or after harvest. 
‘ Least difference necessary for significance at 5 per cent level but given only if fruits 
were taken from all replicates. 


I 


Not enough anthracnose-free fruits available for st rag 
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S) findines with cull fruits left in the field after harvest. However, an- 
thracnose infections developed more abundantly in storage in certain lots 
than in others. Kor example, in the first 1948 experiment there was no in- 


cre 


se In anthracnose in stored fruits sprayed in the field with D-14, Z-78, 
or Tribasic copper sulfate, in contrast to an appreciable increase in fruits 
sprayed with other fungicides. In general there was but little difference 
between Zerlate alone and Tribasic alternating with Zerlate or Fermate. 
The degree of control on stored fruits was particularly high where the 
period between date of last spray and harvest was 2 weeks or less (Sep- 
tember 1945-46, August 1948), and somewhat poorer where this period 
was longer than 3 weeks (remainder of tests). Unfortunately no compari- 
sons can be made with unsprayed fruits in the 1948 tests since not enough 
anthracnose-free tomatoes were available from these plots for storage. 
Dithane Z-78 was comparatively poor in the 1947 experiments but its rating 
was higher the following year. Dithane D-14 was superior in anthracnose 
control to all other fungicides in the first 1945 test and was still near the 
top in the second test. Parzate was somewhat better than Z-738 and Zerlate 
in the August 1948 test. There was but little difference, however, among 
these fungicides approximately 3 weeks later. The 1947-48 experiments 
demonstrate again the inadequacy of most of the copper fungicides in con- 
trolling anthracnose. Bioquin 1 presents somewhat of a paradox in that 
it was the poorest fungicide of all in the August 1948 test but was at the 
top in the later experiment. The same thing is true to a lesser degree for 
Zerlate alternating with Tribasic. This reversal of position is being in- 
vestigated further. 

The inoculum potential was fully expressed only in the September 1945 
test where no new lesions developed on Zerlate and Fermate-Tribasic- 
sprayed fruits between the fifth and sixth days of storage. In all other 
tests, measurement of the anthracnose potential was not possible because 
of the development of secondary rots and physiological breakdown which 
resulted in termination of storage. 

Defoliation apparently had some effect on the incidence of anthracnose 
at harvest in all tests but it was least apparent in those of 1947 and 1948. 
Rainfall for August 1947 was 1.48 inches below normal and temperatures 
7.4 degrees above normal. There was but little defoliation even in the 
control plots and likewise only a small amount of anthracnose. In fact, 
infection in these plots was somewhat less than in those sprayed with Tri- 
basic copper sulfate. There were a large number of incipient infections, 
however, and these became apparent when the fruits were placed in storage 
after harvest. Rainfall for August 1948 was 1.54 inches below normal but 
temperatures were only 0.6 degrees above normal. Defoliation was neg- 
ligible in all but the unsprayed plots in the August test. The severe an- 
thracnose infection appeared to develop independently of defoliation. 


Storing fruits from the various plots for 3 days did not result in any large 


increase in anthracnose indicating that there were only a few incipient 
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lesions. Defoliation had increased only slightly in the sprayed plots by 
September 15. The number of lesions increased appreciably when the 
fruits were stored, suggesting that new infections had occurred in the 3- 
week interval between tests. 

Secondary rots were consistently worse on stored fruits from sprayed 
plots than on those from unsprayed plots in the 1945-47 tests. However, 
these rots did not appear to be much worse in one treatment than in an- 
other. In the August 1948 experiment, fruits sprayed with the zine ethy- 
lene bisdithiocarbamates (D-14 plus zine sulfate, Z-78, and Parzate) had 
the greatest, and those with copper fungicides the least amount of rotting. 
The situation in the September test was somewhat similar but not so strik- 
ing because no stored fruits sprayed with Bordeaux mixture and Tribasic 
were available for comparison. In this instance fruits sprayed with Z-78 
developed less secondary rot than those sprayed with D-14 and Parzate. 
In both tests Zerlate appeared to be the best of the organic zine fungicides 
for controlling secondary rots. 

An attempt was made in one test (September 1945) to determine the 
principal infection court of these secondary rot organisms. <A total of 85 
per cent of secondary rotting in stored fruits apparently originated from 
mechanical injuries resulting from handling and the remainder from minor 
erowth cracks. 

DISCUSSION 

The incidence of anthracnose at harvest may be more a function of 
fungicidal efficiency against both defoliation diseases and anthracnose than 
against anthracnose alone. Severely defoliated plants yield a relatively 
high percentage of soft, off-color, cull tomatoes because these fruits have 
been exposed to direct sunlight and high temperatures. Such fruits are 
often more severely affected with anthracnose than tomatoes on undefoli- 
ated plants. Therefore, it would appear virtually impossible to evaluate 
accurately fungicides for anthracnose control from harvest data alone, un- 
less anthracnose develops in the absence of defoliation as in the 1948 tests. 
Such a situation is extremely rare, 

The near-maximum anthracnose potential can be determined and the 
complicating effect of defoliation largely eliminated by holding No. 1 (can- 
nery-red) fruits in storage after harvest. All such fruits, regardless of 
the exact stage of maturation when harvested, eventually reach post-ripe- 
ness which is more favorable for symptom expression than immaturity at 
harvest. The speed with which incipient lesions can develop in storage 
would depend largely upon temperature, the optimum for growth of the 
pathogen in mature fruits being around 80° F. (3, 9). 

The stage of maturation of red-fruited tomato varieties, to say nothing 
of vellow-fruited kinds, can scarcely be determined from skin coloration 
alone. Therefore, storing fruits after harvest might provide a reliable way 
for evaluating varietal resistance to anthracnose. Fulton found’ that an- 


’ Unpublished data from University of Illinois thesis. 
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thracnose-inoculated, greenhouse-grown, yellow-fruited Jubilee tomatoes, 
picked and stored when apparently mature, did not develop lesions as rap- 
idly as did red-fruited Early Baltimore and Garden State. In time all 
three varieties showed approximately the same number of lesions per fruit. 

The reason for secondary rots being worse on sprayed than on un- 
sprayed fruits is not apparent from these data. Sprayed fruits might be 
more easily injured in handling than unsprayed. It is interesting to note 
in this connection that Wilson and Runnels (15) ranked Garden State and 
[llinois T-19 as 38th and 45th respectively among 48 varieties tested for 
resistance of the fruit epidermis to mechanical puncture. It may be that 
exposure to direct sunlight directly or indirectly results in toughening of 
the skin of fruits on defoliated plants or that initial infection by rot or- 
ganisms is favored by the microclimate under comparatively undefoliated 
plants. Ilorsfall and Heuberger (4) were unable to demonstrate any re- 
ationship between defoliation and infections originating from. soil-borne 

‘anisms. The fruits in their experiments were examined presumably at 
harvest and not after storage. 

The wide variation in secondary rotting in the 1948 tests where de- 
oliation was not an lMiportant factor may have been due to differences 
among fungicides in fungitoxicity or in phytotoxicity. An analysis of the 
incidence of culls’ (excluding anthracnose-infected fruits) at harvest in 
both tests showed that no fungicide was significantly better than another 
in reducing the number of cull fruits. In stored fruit, however, con- 
sistently fewer cull fruits were obtained with Bioquin 1° and Tribasic cop 
per sulfate than with any other fungicides including Bordeaux mixture. 


‘he copper fungicides as a whole permitted less secondary rotting than did 


the organie zine fungicides. From the standpoint of phytotoxicity, Di- 
hane D-14 and Parzate were the only fungicides causing any visible foliage 
injury, namely, a vellowing limited to the extreme margins of the leaflets. 


Injury to tomato foliage by these materials has been noted in other experl- 
ments (1 Ilowever, there is no proot that injury in this instance con- 
tributed in any way to fruit rotting 

K'rom these tests it is apparent that tomato vrowers and processors 
can obtain appreciable control of anthracnose even up to the time the to- 
matoes are canned or processed if the proper fungicides are used. Although 
no one fungicide will give adequate control at present of all tomato dis- 
eases, it would appear that Zerlate alone and Zerlate alternating with Tri- 
basic copper sulfate are somewhat superior to the other fungicides tested 


in controlling all of the diseases prevalent in these experiments. 


SUMMARY 


Studies were made over a 4-year period on the development of anthrac- 
Culls made up almost entirely of fruits affected with rots due to various 
species of Tung and bacteri with only a trace of Rhizopus Sp., Rh octonia Sp., ane 

Phy 7, 
\ obtained th Bioquin 1 unusually good control of fruit rots other 


sis of rvest data. 
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nose and secondary rots in tomato fruits sprayed during the season with 
several different fungicides. Data were taken on extent of defoliation 
from early blight, on the incidence of anthracnose at harvest, and on the 
amount of anthracnose and secondary rots in selected U. S. No. 1 fruit 
held in storage for several days after harvest. 

The efficiency ratings of the various fungicides in controlling anthrac- 
nose based on harvest data were not changed materially as a result of 
holding fruit in storage. However, in a few instances anthracnose develop- 
ment in storage was more pronounced in certain lots than in others. In 
general, Zerlate alone, Tribasic copper sulfate alternating with Zerlate or 
Kermate, and Dithane D-14 plus zine sulfate were somewhat superior to 
other fungicides in controlling anthracnose. In one experiment Bioquin 1 
and Tribasic copper sulfate alternating with Zerlate gave relatively poor 
control in the latter part of August but were better than all other fungi- 
cides 3 weeks later. 

With the exception of one experiment, measurement of the maximum 
anthracnose potential was not possible because of secondary rots and physio- 
logical breakdown resulting in termination of storage. 

Defoliation was apparently an important factor in the development of 
anthracnose in most of the experiments. Ilowever, severe anthracnose in- 
fections developed in 1948 in the almost complete absence of defoliation. 

Secondary rots in stored tomatoes due to soil-borne bacteria and fungi 
were worse in sprayed than in unsprayed fruit. Most of these pathogens 
appeared to gain entrance principally through mechanical injuries. In 
one test where defoliation was not a factor, the dithiocarbamates were con- 
siderably less effective in controlling these rots than fungicides containing 
copper. It is not apparent whether this resulted from differences in fungi- 
cidal efficiency or from variance in phytotoxicity. 

Fungicidal efficiency against anthracnose can be measured more accu- 
rately by determining incidence of this disease on No. 1 fruit after storage 
than by depending on harvest records alone. Storage of such fruit re- 
duces to a minimum the related factors of defoliation and exposure of 
fruit to high temperatures which make the fruit more susceptible to an- 
thracnose. Storage also would appear to be useful in evaluating varieties 
for anthracnose resistance in view of the fact that the stage of fruit ma- 
turation is difficult to determine from skin coloration alone. 

These experiments demonstrate that tomato anthracnose can be con- 
trolled up to the time the fruit is processed if the proper fungicides are 
used, 
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A STUDY OF LINKAGE BETWEEN FACTORS FOR RESISTANCE 
TO WILT AND NEAR-WILT IN GARDEN PEAS 


D. G. WELLS, J. C. WALKER, AND W. W. Hare 
(Accepted for publication July 11, 1949) 
INTRODUCTION 


The existence of wilt (Fusarium orysporum f. pist (Linford) race ] 
Snyder and Hansen) (7) of pea (Pisum sativum lL.) was first recorded in 
Wisconsin by Jones and Linford (3) in 1925. A number of standard vari- 
eties were found to be mixtures of resistant and susceptible plants. Reac- 
tion to wilt was reported by Wade (9) in 1929 to be governed by a single 
factor pair with resistance dominant. After wilt-resistant varieties of peas 
were generally adopted, another wilt disease appeared (6), similar to the 
first in symptoms but slower in development. This disease was named near- 
wilt (Fusarium orysporum f. pisi (Linford) race 2 Snyder and Hansen) 

7) and was fully described by Snyder and Walker (8) in 1935. Resistance 
to near-wilt was found and was reported by Hare ef al. (1) in 1949 to be 
caused by a single dominant factor. 

Genetic interest in these two fusarial diseases of peas first centered upon 
the mode of inheritance of reaction and then upon the possibility of linkage 
between the factors governing reaction to them. The object of this paper 
is to report a study of association between the factors determining reaction 


to the wilt and near-wilt diseases of peas, 


METHODS AND MATERIALS 


The data for this study were obtained from crosses of Delwiche Com- 
mando with Davis Perfection and with Thomas Laxton. Delwiche Com- 
mando is resistant and the other two varieties are susceptible to wilt and 
near-wilt. The crosses were made in the summer of 1946. Soon after har- 
vest, part of the hybrid seed was planted in the field and part in the green- 
house. Seeds were obtained subsequently from both selfing and backcross- 
ing the F, plants. The first generation from selfing and the first generation 
from backcrossing were grown in the field in 1947 and seeds obtained from 
these plants were seeded for testing for plant reaction to wilt and near-wilt 
in the greenhouse during the winter season of 1947-48. 

The seeds from each plant were divided into two equal portions, one for 
each of the two disease tests. A maximum of 24 seeds per line was seeded 
for each test, but many lines had fewer than that number. Tests were made 
for wilt reaction in sterile white quartz sand in 6-in. clay pots set on open 
benches in an air temperature high enough to maintain a sand temperature 
of about 22° C. The sand was flooded with distilled water in preparation 


GOT 








908 PHYTOPATHOLOGY | Vou. 39 


for planting. Inoculum of the organisms inciting both wilt and near-wilt 
was obtained in the manner described elsewhere (10). Inoculation was ae- 
complished by mixing equal parts of the inoculum and 2 per cent cerelose 
solution just before needed and adding 100 ml. of this mixture to each 
pot. The inoculum was then mixed into the sand and the sand leveled. 
Each control pot received 100 ml. of the 2 per cent cerelose solution. Seeds 
of the parental varieties were planted in both inoculated and control pots. 
All seeds were planted to a depth of about 1 in. 

Inoculation tests for near-wilt reaction were made in metal pans by the 
clipping method (10). Sand temperature was maintained close to 21° C., 
in Wisconsin soil-temperature-control tanks. Between 12 and 20 days after 


inoculation, notes were taken on disease development and the plants as- 


signed to one of the following classes: healthy, slightly diseased, moderately 
diseased, severely diseased, and dead. From these notes it was possible 
to determine the genotypes of the lines being tested. 

Determinations of linkage intensities were made from backcross data 
by the product method using table 1 of Immer and Henderson (2), from 


Kk. data by the method of maximum likelihood (4), and from combinations 
F.. data from different crosses and EF. and backcross data from the two 
erosses by Fisher’s scoring method as outlined by Kramer and Burnham 
4). All observations were made in the coupling phase except those involv- 
ing internode length. 


EXPERIMENTAL RESULTS 


Characteristics of the three varieties serving as parents in this study 
TARLI (‘haract Lie of seedlinas of Delwiche Commando, Dar S Pe rfection, 
Ti ] lo ag u L the yreenhouse 
Re tion to AY. Plant Av. Length 
\ t no. height, length of of longest 
Wilt Near-wilt nodes inches internode internode 
D ( nd tes Res. 6.5 1.2 0.7 0.9 
D s Perfectior Suse. Suse. 6.0 4.4 0.7 1.0 
Thomas I ton Suse. Suse. 6.0 95 1.6 2.3 


B ( ! surements of 10 seedlings examined 15 davs afte) planting. 


are indicated in table 1. Delwiche Commando was resistant and the other 
two varieties were susceptible to the two diseases as previously mentioned. 
Thomas Laxton was long-vined and the other two varieties were short-vined. 
[It is clear from the table that the distinction between tallness and dwartf- 
ness in this study was attributable to length of internode rather than to 
number of internodes. The internode length factor pair has been desig- 
nated Le le after White (11). Wade (9) designated the factor pair for 
reaction to Fusarium wilt as Fw fw. A convenient genetic designation was 


needed for the factor pair governing reaction to near-wilt and the symbols 


Fnw fnw were adopted. 
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In table 2 are summarized the ratios for height and for reaction to wilt 
and near-wilt in the two crosses studied. 
TABLE 2.—Distributions and frequencies of lines from crosses of Delwiche Com 


mando with Thomas Laxton and Davis Perfection for reaction to wilt, reaction to near 
wilt, and internode length; and P values from X2 for goodness-of-fit 


Factor Number 
Gener: yair f lir ‘Ss Mm Range f 
Cross i - Character — estes rotal si ‘BS “ 
tion I 
X x be ee 4 Xx 
TLx DC E Wilt reaction Fw fw 32 36 17 85 < 0.01 
Do do Near-wilt reaction Fnw fnw 49 32 4 85 < 0.01 
Do do Internode length Le le 28 55 28 = 111 0.70—0.50 
Do F., BC, Wilt reaction Fw fw 19 «887 166 = -0.50-0.95 
Do do Near-wilt reaction Fnw fnw 87 79 166 = 0.50-0.95 
Do do Internode length Le le 94 77 171 0.20-0.10 
DPxDC F Wilt reaction Fw fw 12 87 29 158 0.20—0.10 
Do do Near-wilt reaction Fnw fnw 48 77 33 158 0.30—0.20 
Do F’., BC, Wilt reaction Fw fw 5 23 38 0.20-0.10 
Do do Near-wilt reaction nw fnw § 23 38 0.20-0.10 
Both F Wilt reaction Fw fw 74° «123 46 243 0.05-0.01 
Do do Near-wilt reaction nw fnw 97 109 37 243 < 0.01 
Do F., BC, Wilt reaction Fw fw 94 110 204 0.30—0.20 
Do do Near-wilt reaction nw fnw 102 102 204 » 0.99 
TL= Thomas Laxton; DC = Delwiche Commando; DP = Davis Perfection. 


In the F, of Thomas Laxton x Delwiche Commando, ratios for reaction 
to wilt and near-wilt were not in agreement with the 1:2:1 ratio. Appar- 
ently the conditions provided in this test were not optimum for the expres- 
sion of wilt and near-wilt, since there were marked negative deviations 
from the expected numbers of lines in the segregating and homozygous 
susceptible classes. The observed ratio for internode length of 28:55:28 
was a close fit toa 1:2:1 ratio. In the F, of the first backcross generation, 
ratios obtained for reaction to wilt and near-wilt were in satisfactory agree- 
ment with the expected 1:1 ratios. The ratio for internode length also was 
a satisfactory fit to a 1:1 ratio, P being between 0.20—0.10. 

the F, of the Davis Perfection x Delwiche Commando cross, the 
ratios obtained for reaction to wilt and near-wilt were satisfactorily ex- 
plained on the basis of a 1:2: 1 segregation though there was a deficiency 
in both ratios for homozygous susceptible lines. Ratios for reaction to 
wilt and near-wilt in the F. of the first backcross generation in this cross 
were satisfactory when compared to 1:1 ratios, though there was a defi- 
ciency in both for homozygous resistant lines. 

When F, ratios for disease reaction in the two crosses were combined, 
ratios were obtained which were not satisfactorily explained on the basis 
of single factor segregations. The deficiencies for the susceptible reaction 
were responsible for this failure of agreement with 1:2:1 ratios. Good 





910) 


I 


\l 


Recomm 


P from x 


; 


Generat 





PHYTOPATHOLOGY 





o | 
= = ™~ 
= + 
i is 

i= 
x 
A 
A 
“~ > : 
“we 
oa 
“~- 
bw na 
“A 


Am — 
An 





1S 


+( 





fw 
do 


W 


DC 


Do 


ross 


do 


do do do 


DC do 


DP 





C 


»( 
> 


do do do | 


Both 


) 


‘ 4° 


») 


0.05 


do 


do 


do 


4.4 + 


+() 


> 
oy 


” 


0.0] 





CO 


+ 
> 


do 


ado 


do 


Do 


11] 





7] 


> 
\ 


»(' 
> 


I 





tw 


do 


W 


do 


DC 
Do 


Both 


47.6 +6.9 


4 





1] 


oC 


14 


fnw 


do 


Fnw 


DC 
do 


Do 


0.10 


l 


ve 
> 


do | 


do 





Perfection, 


Davis 


Iwiche Commando; DP 


ay 


DC 


~ 


[ Vou. ¢ 


aI 
). 





) 





























1949 | WELLS ET AL: Pea WILTS 91] 


agreement with the expected 1:1 ratios was obtained, however, for the 
combined ratios from backcross data. Since the detection and estimation 
of linkage can only be accurate when the single factor segregations are 
good, it is clear that more reliable linkage determinations can be obtained 
in this study from the backcross than from the F, data. 

Data are summarized in table 3 for associations between internode length 
and reaction to wilt and near-wilt. 

Recombination percentages from F, data for the comparison Fw-Fnw 
were 94.9 = 7.5 per cent for the Thomas Laxton x Delwiche Commando 
cross, 61.2 + 4.6 per cent for the Davis Perfection x Delwiche Commando 
cross, and 04.4 +4.2 per cent for the combined sources of information from 
KF, data. These data suggest independence of the Fw-Fnw loci. The 
value of this information from FI, data was reduced, however, by the poor 
single factor ratios involved. Recombination percentages calculated from 
backcross data were 42.2 + 3.8 per cent for the Thomas Laxton x Delwiche 
Commando cross, 31.6 + 7.6 per cent for the Davis Perfection x Delwiche 
Commando cross, and 40.2 + 3.4 per cent for the combined sources of infor- 
mation from backcross data. These data suggest that the F'w-Fnw loci are in 
the same linkage group though rather far apart. Since the backeross data 
were in good agreement with expectation, it seems reasonable to conclude 
that the evidence for linkage of the F'w-F nw loci is greater than that against 
such a linkage. 

Segregation for internode length occurred in only the Delwiche Com- 
mando x Thomas Laxton cross in which EF, data showed a recombination 
value of 28.2 + 4.1 per cent for the comparison Fw-Le and backcross data 
gave a value of 40.0 + 3.4 per cent. The combined F, and backcross data 
gave a recombination of 55.1 + 2.9 per cent between the Fw and Le loci. 
This value is in agreement with that of about 31 per cent reported by Wade 
(9). When a linkage calculation is made by the product method from the 
data reported by Wade, a value of 32.0 + 1.8 per cent is obtained which is 
reasonably close to the recombination percentage found in this study. 

Kor the association Fnw-Le in the Thomas Laxton x Delwiche Com- 
mando cross, recombination percentages were obtained of 47.6 + 6.9 per 
cent from FF. data and 45.1 + 3.8 per cent from backeross data. Neither 
of the P values calculated from yx? for independence from these two sources 
of information was significant and with the high recombination percen- 
tages suggested independence of the Fnw and Le loci. This information 
adds little to what has been discussed earlier concerning the Fw-Fnw re- 
lationship. If the loci for reaction to wilt and near-wilt are in the same 
linkage group, then clearly the Fnw locus does not lie between those of 
Fw and Le. 

DISCUSSION AND SUMMARY 

The object of this investigation has been to determine the linkage rela- 

tions of some genes governing reaction to the wilt and near-wilt diseases 


of peas. Evidence has been presented suggesting that these factors are 
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nkage of 40.2 o.4 per cent as determined from 
h; (lata 1Irol the two eCrosses studied. The Ie data indicated inde- 
the two factors, but this information was shown to be less re- 
t mackeross results. 
n programs devoted to the production of new varieties re- 
sistant t, parental stocks have been used for crossing with the 
sistant Delwiche Commando, or with related selee- 
it] Wilt-resistant or are susceptible to both wilt and near- 
It. Int former type of cross, v.e., between varieties resistant to wilt 
hut fering in reaction to near-wilt, the presence or absence of any degree 
nkage between Fw and Fnw would have no significance. Many of the 
sses that have been made are of this type. In the latter type of cross, 
betw 1 a variety susceptible to both wilt and near-wilt and one re- 
sistant to the two diseases, both factors for resistance would enter the cross 
from + sal parent and in the event of close linkage a larger propor 
progenies than expected on the basis of independence would be 
sistant to both diseases. This favorable situation will not occur in breed- 
no | It and near-wilt resistance because of the loose linkage suggested 
hv +] sults of this investivation. 
pols knw tnw have been suggested for designation of the factor 
—? erning reaction to the near-wilt disease. 
Nw was found to he associated with the factor for internode leneth, Le, 
K. and backeross data with 35.1 + 2.9 per cent of recombina- 


rming the findings of Wade (9) in 1929.) Fnw appeared to be 


| ; } ependel tly oft the Le locus If Iw and knw are on the Sale 
) qamoes not lie between hy dal dl Le but to one side st the 
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FUSARIUM STEM CANKER AND WILT OF DELPHINIUM® 2 
THOMAS LASKARIS 
( \ccepted for publication July 29, 1949 


Occasional reports have appeared of the occurrence in the United States 
of two little-known delphinium diseases, but the causal relationship of Fu- 
sarium to these diseases has not been established nor have the species in- 
volved been identified. 

Fusarium wilt has been reported from Ohio (5, p. 47), and two reports 
from Florida (6, p. 440, and 7, p. 350) mention a severe wilt of delphinium 
in flower beds in Duval and Ocala counties. A root rot reported as com- 
mon in southern Arizona also has been attributed to an undetermined spe- 
cies of Fusarium (8, p. 263). Leonian (3) describes very briefly a Fusa- 
rium stem canker reported from Delaware, Florida, and West Virginia. 
Leonian was of the opinion that the disease undoubtedly occurs in other 
States and he informed the writer that it was especially prevalent and 
severe in the summer of 1940 in West Virginia. 

The occurrence of Fusarium stem canker in Connecticut, New Jersey, 
and New York was reported by the writer (1,2). A typical cankered stem 


is shown in figure 1. Commonly associated with the canker, and not de- 





Fic. 1. Stem canker of de Iphinium. 


scribed by Leonian, are the numerous salmon-colored sporodochia on the 
surface of the cankered area. When cankered stems were split, abundant 
white mycelium and spores of Fusarium were found. The disease often 
spread to the crown and killed the affected plant. 

The writer also reported a Fusarium wilt of delphinium occurring in 


epidemice proportions in Connecticut (2). In this instance, the grower at- 

Extract of a portion of a thesis, ‘‘Studies on Delphinium Crown Rot’’ (1941), 
submitted 1 th writer in partial fulfillment of the requirements for the degree of 
Doctor of Phil soph . Unive rsity of Minnes 

The investigation was supported by funds of the American Delphinium Society. 
Special thanks are due to Mr. Edward Steichen, President of the American Delphinium 
Society for his continued interest, close cooperation, and constant encouragement through 
out the work, 

he writer wishes to express his appreciation of the advice and encouragement of 


Dr. B. O. Dodge of the New York Botanie: Garden. Dr. W. J. Robbins. Director of 
the New York Botanical Gard n, kind] mude available the many facilities of that in- 
stitution. The present address of the auth s $18 North Central Avenue, Glendal 


Californi 
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tributed the death of the plants to a deficiency in the soil. The disease 
was restricted to a certain area of a large planting where it had caused 
similar losses in previous years. The grower also had observed that seed- 
lings very frequently became diseased, often in the same season, if they 
were set in the same places where other plants had succumbed to the dis 
ease. The symptoms noted at the time by the writer were a progressive 
vellowing of the foliage beginning with the basal leaves and, finally, a 
wilting of the entire plant. There was little evidence of root rot, but a 
brown vascular discoloration was evident in cut portions of the crown, the 
roots, and young shoots at the base of the stem. 

The canker was observed only on commercial garden hybrids, whereas 
the wilt organism was isolated from Delphinium cardinale and D. consolida 
as well as from the hybrids from Connecticut. 

In the present study the writer ascertained more thoroughly the disease 
symptoms and studied the relation of isolates of Fusarvum to the stem 
canker and the wilt. The pathogenicity and the identity of the isolates 
were determined 


SYMPTOMS 


On plants sprayed with a spore suspension of the Fusarium isolated 
from stem cankers, the first disease symptoms are small brown to brownish- 
gray spots on the stems. These spots gradually enlarge and several may 
coalesce to form one or more large spots. Brown sunken watersoaked 
lesions may appear on the petioles and spread to the stem. The lesions 
enlarge both laterally and longitudinally, but the longitudinal spread 
is the more rapid. The cankered area is chocolate-brown and _ char- 
acteristically moist or watersoaked. On large plants, cankers may be over 
a foot long. In the advanced stages of development of a canker the dis- 
eased tissue in the center of a canker may rupture. Eventually the tissue 


in the central part of the canker shrinks or collapses while the thin epi- 


dermal layer remains intact and appears white or bleached. 

Numerous salmon-colored sporodochia of the Fusarium are distributed 
irregularly over the bleached area. They bear large numbers of predomi- 
nantly 3-septate macrospores (Fig. 2,C,D). The pith cavity of a cankered 
stem is almost completely filled with white mycelium bearing numerous 
0-septate and 1-septate spores. In time the fungus reaches the crown, where 
it causes a local necrosis. After passing into the crown the fungus invades 
and discolors the vascular tissues, and the young shoots commonly present 
at the base of a plant soon wilt. In late stages of disease the parts of the 
stem above the canker may wilt. 

The symptoms of Fusarium wilt may, at first glance, be confused with 
the wilt symptoms due to Seclerotium delphinii and 8. rolfsit. However, the 
characteristic sclerotia and mycelium of Nclerotium are sufficient to distin- 


euish that wilt from Fusarium wilt. When a mature plant with symptoms 


of Fusarium wilt is cut, a typical brown vascular discoloration is evident, 
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as in stem canker. The discoloration may extend from the crown into the 


main roots and for some distance upwards into the main stem and young 


shoots. Yellowing of the leaves and a wilting and drooping of the inflores- 


Wo 


cence ay occur. 








A 


Fic. 2. Fusa m orysporum rae Iph nil, A. B. Conidiophores from sporodochia 
on stem. ©, D, BE. Conidia from sporodochia on stem. F, G. Chlamydospores from 72 
day-old potato-dextrose agar culture. H, I. Conidiophore and conidia from 72-day-old 


potato dextrose agar culture. 


IDENTITY OF THE FUSARIUM ISOLATES ASSOCIATED WITH 
DELPHINIUM STEM CANKER AND WILT 


There was a marked similarity among the more than forty isolates of 
Fusarium from plants affected with stem canker and wilt disease. They 
were characterized by the pink to vinaceous coloration produced on potato- 
dextrose agar. They belonged to the section Elegans of the genus. Repre- 
sentative isolates from stem canker and wilt were sent to Dr. W. C. Snyder 
who corroborated the writer’s determinations and further identified the 
isolates as belonging to the species group Fusarium oxysporum (Sehl.) Sny. 


and Han. Snyder and Hansen (4) have shown, from a study of single-spore 
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‘ultures, that the present basis for division of the section Elegans into the 


thr; } + 


subsections Orthocera, Constrictum, and Oxysporum is untenable and 


invalidates the species in these sections. Thus the isolates from delphinium 
I S11 cl ras Fusarium Orysporum (Sehl. Sny. and Han. might, 
as t] now appear in culture, be called F’. orthoceras or possibly PF. bulbi- 


by Wollenweber and Reinking; but they might classify the sporo- 
dochial stave on the host as F. az ysporum (Sehl. 

A rding tO t} e spr eles concept as proposed bv Snyder and Hansen, all 
members of section Elegans constitute one natural species group which on 
he bases of usage and priority may be called Fusarium oxysporum. The 
numerous parasitic forms are recognized principally by their selective patho- 
genicities, and those that cause vascular wilts are merely biologic forms of 


the same species 


PAXNONOMY AND MORPHOLOGY 


eulation tests demonstrated that Fusarium isolates from both the 


ster nker and the wilt are true vascular parasites, highly pathogenic and 
it f inducing a tvpieal wilt. While it was not demonstrated that the 
solates are capnab ot Inducing a stem canker, the fact that the stem 
inke solates caused a severe wilt when introduced into the soil around 
nhouse and field plants indicates that only one species of 
Fu s involved. Furthermore, mans of the isolates from both dis 
Ses distinguishable morphologically. Sinee the parasitic forms of 
J prysporum are highly specialized as to host and since there has 
s deseription of a species of Fusarium pathogenic to del- 
hi the writer feels justified in describing, as a new parasitic form of 
F sporum, the isolates pathogenie to delphinium It is proposed 
i Isihe delphinium stem eanker and delp] nium 
s foll 

Fusarium oxysporum (Schl.) Sny. and Han. f. delphinii n.f." 

M nidia numerosissima, plerumque aseptata. Macroeconidia ambo 


bus finibus gradatim attenuata, prope in medio cylindrica, leviter pedicellata, 


t penitus aequabiliter plerumque curvata, regulariter 3-septata 52.6 «34 
23.1-42.9 « 3.04.3) », 4-5 septata conidia rara. Mycelium aerium plerum 
que robustul albur substratum, in agare dextroso opulenta Solani tube- 
si, primo ineoloratis tune rosaceum aut vinaceum; in culturis nulla sporo- 
loc] sclerotia; sporodochia magna salmonea plerumque 3-septatis 


conidia hospite producta. Hab. in decoloratis fibrovascularibus fascibus et 
n caulibus delphinii 

Mieroconidia very numerous, dominantly aseptate. Macroconidia grad- 
ually attenuated toward both ends, nearly evlindrical in the middle, some- 


what pedicellate, and usually uniformly curved throughout, typically 3-sep- 


‘Latin diagnosis prepared by Dr. John Dwyer of Fordham University. 
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tate, 32.6 « 3.4 (23.1-42.9 « 3.0-4.5) ». Four- and 5-septate conidia are rare. 
Aerial mycelium usually well developed, white; substratum, on potato agar 
rich in dextrose, colorless at first then heht pinkish To vinaceous; ho sporo- 
dochia or sclerotia in culture; large salmon-colored sporodochia containing 
mostly 3-septate macrospores produced on the host. Habitat: In discolored 
fibrovascular bundles of delphinium and on stems of delphinium. 
Type locality: Ridgefield, Connecticut. 
Type specimens deposited in Herbarium of the New York Botanical 
Garden. 
The morphological characters of the organism are shown in figure 2. 
Conidia from aerial mycelium close to the substratum of culture medium 
and conidia from a large sporodochium on delphinium stem were measured : 
Krom 53-day-old culture on potato plug: 
Q-septate (99 per cent), 6.7 x 2.5 p 
l-septate (rare, 1 measured), 13.0 « 2.9 p 
rom 62-day-old culture on hard carrot agar plus 2 per cent dextrose : 
Q-septate (99 per cent), 8.7 « 2.6 p 
] septate (0.8 per cent), 13.1 x 3.5 pe 
2-septate (rare, 1 measured), 20.8 * 3.6 p 
rom delphinium stem : 
O-septate (rare, 2 measured), 15.8 «5.1 p 
l-septate (8 per cent), 19.2 * 3.3 p 


2-septate (] per eent), 94 3 3.23 Ti 


S-septate (90 per cent), Sa Mak i 
f-septate (rare, 1 measured), 33.5 x 3.5 p 


Chlamydospores from a 53-day-old culture on potato plug were terminal or 


+ 


interealary, without septa, and measured 8.6 x 7.0 p 


PATHOGENICITY 


The pathogenicity of a number of stem canker isolates was demonstrated 
In both ereenhouse and field experiments. The Sale isolates were capable 
ot producing a ty pical wilt disease in addition to the stem canker. 


In two representative ereenhouse tests, the virulence of a stem ecanker 


isolate was tested on 20 hybrid delphinium seedlings growing in 3-in. pots. 
Inoculum was prepared by growing the fungus isolate for 1 month in an 
autoclaved mixture of sand and cornmeal. The top inch of soil from each 
pot was replaced by inoculum, and initial wilt symptoms appeared on the 
seedlings in 20 days. Inoculated plants were retarded in growth and stunted 
(Fie. 3). Leaves yellowed slightly, but the marked yellowing usually asso 
ciated with disease in field plants did not appear. The leaves sooner or later 
collapsed and began to turn brown, and the petioles began to bend. Onee 
the initial symptoms of wilt appeared, the affected plants succumbed rapidly, 
usually within 4 to 5 days. All of the 20 inoculated plants became diseased, 


while 10 control plants that had received sterile sand-cornmeal mixture in- 
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stead of the inoculum failed to become diseased in any way during the same 


period. The fungus used for inoculation was in all cases easily reisolated 
from the diseased crowns and roots of the affected plants. 

The ability of the stem canker isolates to cause a wilt was further proved 
in field experiments. Two beds containing 40 and 20 seedlings respectively 
were inoculated with two stem canker isolates. The inoculum was prepared 
wing the fungi in quart jars containing a steamed sand-cornmeal 
The soil around the base of each plant was removed and replaced 
with inoculum. The amount of inoculum apphed in this way was very 
I] t 22. or approximately one-third, of the inoculated plants became 


smati ( Yad 4 





nt at ett s healthy check); plant at right, inoculated with a Fu 


first growing season. In a typical diseased plant the 


diseased during the 


signs of collapse and their edges turned inward. The leaves 


Ss ( 
near the tip of the voung inflorescence turned vellow first and later more 
f the older leaves vellowed. A brown discoloration of the vascular tissues 
SS n the crowns of all diseased plants. A few of the plants developed 
ste} ‘anker Symptoms In these plants vravish-brown lesions developed 
from the base of the stem upwards, and the interior of such stems contained 
abundant mycelium of the funeus that had been used for inoculation. 
These isolates also we re tested for their ability to produce the stem canker 
diseas Spore suspensions were prepared by dilutine with water the liquid 
eultures on which the isolates had been grown. A bed of 50 plants was 


th a mixed spore suspension of the two isolates used in the field 


test A cheesecloth tent was kept over the inoculated plants for 5 days. 
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The symptoms of stem canker did not appear until about 3 weeks after the 
plants were inoculated. Seventeen of the 50 plants inoculated developed 
symptoms of stem canker. 

The two wilt isolates from Connecticut were highly pathogenic in green- 
house tests, 18 of 20 inoculated plants becoming diseased. In general the 
symptoms were identical with those caused by the stem canker isolates in 
similar greenhouse tests. 

CONTROL 

Leonian (3) recommends that plants diseased by Fusarium stem canker 
be sprayed with Bordeaux and that the spikes be cut off several inches below 
the canker before the fungus infects the crown. However, the fact that the 
fungus may cause a wilt suggests that complete control will necessitate the 
adoption of soil disinfection methods wherever the disease has become well 
established. No attempt has been made to work out a method of control, 
since the efforts of the writer have been confined to a study of the identity 


and pathogenicity of the isolates of Fusarium associated with these diseases. 


SUMMARY 


The pathogenicity of Fusarium isolates associated with the stem canker 
and wilt diseases of delphinium was ascertained in both greenhouse and field 
experiments, and the disease symptoms were described in detail. The iso- 
lates appear to be true vascular parasites and are highly pathogenic. The 
name Fusarium orysporum (Sehl.) Sny. and Han. f. delphini n. f. is pro- 
posed for the causal organism of the stem canker and wilt diseases of del- 
phinium. 
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LOODING AS A MEANS OF DESTROYING THE SCLEROTIA OF 
SCLEROTINIA SCLEROTIORUM 

nw; BD, Loo 

\ | for publieat 


on July 18, 1949 


INTRODUCTION 


hlost Ssease caused by Nelerotinia sclerotiorum ( Lib.) 
5 fr various vegetable crops has become of increasing importance to 
. many sections of the United States during recent vears, causing 

S vine degree both in the field and during transit to market. 

i | time it has been of importance in celery and lettuce but during 

pas n years has become a serious problem in tomatoes, potatoes, beans, 


a oTtner eoetables While the 
of the most heavily infected areas at this time 


disease is widely distributed over 


is in south 
8 it has appeared in practically all of the vegetable- 


part of the peninsula and has become a factor j 


a 
al ‘rops 


S niose fungus has been known for many vears, 
een limited to one or two crops and to fairly 
ni ns ( Iture, such as small fields, greenhouses, and seed- 

VI Tt ti S comprehensive attacks on the 


problem was by 
‘combination of flooding and soil treatment with | 
| la large percentage of the sclerotia in muck soils. His 


a method of control that may be adapted to 


here ample supplies of 


water are 


flooding on sclerotial decay 
nts was conducted in south Florida 
ch are presented in this paper 

AND DRAIN Af 


i CONDITIONS 


; ] cl ] 
iS Mn SOUT! 110 


rida are classed under three large soil tv] 





pes 
! hich vary widely in humus content, texture, and 
ipacit lhe sandy solls along the east coast are low in 
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thus some fields may remain fairly wet while others are relatively dry. 
When temperatures are below 70° F., disease incidence under these con- 
ditions varies in intensity from very light to very severe, depending upon 
soil moisture from both rain and irrigation. 

The marl soils south of Miami are fine in texture and have a high water- 
holding capacity. Fields in this area are moist at all times, particularly 
so during the winter months when hours of sunlight are fewer than in other 
seasons and rates of soil moisture evaporation are low. The water table is 
seldom more than 3 to 4 feet below the soil surface and drainage is fairly 
slow ; consequently, moisture conditions favor disease infection during much 
of the growing season. 

The muck soils in the Everglades are composed largely of organic matter 
and have a high water-holding capacity, but because of their loose friable 
condition in cultivated fields they do not maintain so high a degree of soil 
moisture as do the marl soils. They are, however, sufficiently wet during 
most of the growing season to make sclerotiniose infection possible. 

With the variations in soils and their water-holding capacities, consider- 
able differences might be expected in the persistence of the selerotiniose 
funeus in the fields from year to vear. Some of the areas are subject to 
intermittent flooding by rain during the sammer, while others can be flooded 
only by pumping water from near-by canals. There are also large areas 


that cannot be flooded by any means available at the present time. 


The laboratory investigations consisted in placing 6 in. of marl, muck, 
and sandy soils in metal containers, each soil type being replicated three to 
five times. Sheets of plastie wire screen were cut to fit the containers; the 
sclerotia were imserted between two of these and placed on top of the soil. 
Tap water was kept at a level approximately 2 in. above the surface. 
Examinations were made at regular intervals and the seclerotia that had not 
decaved were counted. 

Kield tests were made with flats measuring 12 «123 in., with plastie 


‘ttoms. The selerotia were distributed uniformly on the sereen in 


sereen | 


the flats and a second sheet of screen was placed over them, after which the 
soil level was adjusted to the desired depth. These were located at different 
points in the fields. Inspections were made by removing the layer of soil 


and the top sheet of sereen, which left the sclerotia in their original position. 


RESULTS OF LABORATORY TESTS 


Data for the laboratory tests conducted in 1945 and 1946 are shown in 
table 1. Separate containers were prepared for each sampling for each soil 
to insure that none was disturbed until time for making the single reading 
of results. In one test 92 per cent of the sclerotia were decayed in the mar] 
soils in 30 days; in the other, 100 per cent were decayed in 24 days. Decay 


in the muck soils was 100 per cent in 23 days in one test and the same amount 
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amount of decay was somewhat higher in the muck soils than in 


marls or sands, but the rate of decay was not appreciably faster. 


is. field 


observations 
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weathering 
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planting and all soils were flooded to a depth of 2 in. above the surface. The 
data for two tests (Table 2) indicate that rates of sclerotial decay were not 
appreciably slower at the 2-in. depth than on the surface. Although rates 
of decay were not consistent for soil types or for depth of planting, 100 per 
cent decay occurred in all cases in 24 to 45 days. A possible explanation 
of this wide variation in time may have been the fluctuation of the soil mi- 
croflora, other tests having shown that saprophytic fungi and bacteria are 
closely associated with sclerotial decay. 

Since some areas in south Florida are flooded for short periods during 
the summer by rains and other areas can be flooded only by pumping, tests 
were conducted in 1947 to determine the effect of intermittent vs. continu- 
ous flooding. Containers with sclerotia on the soil surface were prepared 
as described above, one set being flooded continuously and the other at in- 
tervals of 3 days. The interval flooding held the soils at the saturation level 
at all times and permitted aeration of the surface half of the time. The 
flood level was 2 in. above the soil surface in all cases. Data for the two 
tests (Table 3) indicate that interval flooding was almost as effective in 

TABLE 3.—Rates of sclerotial decay on marl, muck, and sandy soils when flooded 


continuously and at day intervals for the pe riods shown. One hundred sclerotia per 


treatment in all cases 


Number of decayed selerotia 


Marl Muck Sand 
Mean 
Date of = = ~ temper 
reading Z © a © 3 © ature 
: = = = ¢ = Fr. 
Sept. 12. 1947 0 0 0 0 0 0 81.0 
Sept. ~6 17 7 85 Q4 &4 RS 80.0 
Oct. » 71 39 00 100 100 100 76.6 
Oct. 13 O4 78 75.6 
Oct. 23 100 9S 78.1 
Pereentage 
decaved 100 QS Oo 100 100 100 
Qet. 03 ) if) Tt) ‘) if) 0 78.1 
Nov. » nD 50 57 23 {2 o 78.2 
Nov. 10 95 90) 98 73 89 84 75.1 
Nov. 17 100 OG Loo Q4 100 Q4 78.0 
Percentage 
decayed 100 O65 100 G4 Loo 4 


destroying sclerotia as continuous flooding. The number of days required 
for 100 per cent decay was approximately the same for intermittent as for 
continuous flooding, indicating that the element of time was more important 
than that of keeping the sclerotia submerged continuously. 

Most agricultural lands in south Florida stand idle during the summer, 
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The rates of decay were fairly uniform in all cases (Table 5) and the 
time required for total or near total decay was approximately the same as 
reported in laboratory tests. These tests were repeated in 1947, but owing 


to excessive summer rains the fields were flooded for about 8 weeks and 


TABLE 5. Rates of sclerotial decay at two levels na cultivated field follou nog 


flooding. One hundred sclerotia per freatment n all cases. Flood ng pe riods, May l¢ 
to Jd e7 46, and Aud. 2) 10 WE pt. 1b, JO4E 
Number of deeaved selerotia : Number of deeaved selerotia 
ate ot “ Date of . 
, og ; rae reading ys } 
surface ~ In, deep Surface ~ In. deep 
May 17, 1946 0) (0) Aug. 20, 1946 0 0 
June 10 95 88 Sept. 23 oy 93 
1 rs ) Q7 
June li 100 vi Percentage 
Pereentage deeaved 99 95 
¢ Oo QT 


accurate readings could not be made. Flats were placed in the fields on 
June 15, and when removed on September 20 all sclerotia were decayed. 

Three tests were conducted in 1946 in which flats containing 25 sclerotia 
were placed on the soil surface and at depths of 2 and 3 in. respectively in 
order to study the rates of sclerotial decay under conditions of natural rain- 
fall. ‘Two tests were made on sandy soil and one on mar! soil, thus affording 
wide variations in soil moisture in one case and fairly constant moistures 
in the other. 

Data for these tests (Table 6) indicate that 100 per cent decay occurred 


TABLE 6. Rates of sclerotial decay in cultivated fields when subjected only to the 


preva rainfall, Twenty-five sclerotia per treatment in all cases 
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only where one field was flooded for approximately 6 weeks. <A fairly high 
degree of decay, apparently due to fungi and bacteria, occurred at the sur- 
face level on the marl soils, but appreciably less decay occurred at the 2-in. 
and 3-in. levels. Decay on the sandy soils was moderate at all levels but 
not sufficiently high to be of importance in disease control. Since rainfall 
during the course of these tests was average for the particular time of vear, 
it is apparent that natural moisture conditions are not likely to be suffi- 
ciently high to cause appreciable decay of sclerotia in most vears or loca- 
tions 
DISCUSSION 


When marl, muck, and sandy soils containing sclerotia of Sclerotinia 


J 
sclerot 


ioritnt were flooded, complete sclerotial decay occurred within 23 to 
15 days. Rates of decay were not consistent among either soil types or tests, 
being rapid in some instances and slow in others. However, near-total to 
total decay occurred in all cases under prolonged flooding. Rates of decay 
were about the same for sclerotia that were buried at different depths in 
the soil. When alternate floodings and drainings were made at intervals 
of 3 days, rates of sclerotial decay were approximately as high as when 
flooding was continuous. Presumably decay was influenced to a marked 
degree by various soil microflora in both instances, and the 3-day flooding 
period appeared to be ample for support of their activity. Under the con- 
ditions of the tests reported, addition of green organic matter to soil surface 
did not influence rates of sclerotial decay. The importance of such material 
in its relation to soil microflora, however, should not be discounted. The 
types of organic material, their state of decomposition, rate of application, 
and especially degree of mixture with the soil might well play an impor- 
tant part in the decay of sclerotia. When sclerotia were placed in commer- 
cial fields and subjected to continuous flooding, rates of decay were approxi- 
mately the same as when flooded in the laboratory, where 93 to 100 per cent 
ot the sclerotia were killed atter flooding periods of 26 to 31 days. Kor kil- 
ling sclerotia this appears to be an efficient method that may be adapted 
to large areas in south Florida. The necessity for flooding as contrasted 
to normal weathering was emphasized when sclerotia were placed in com- 
mercial fields and subjected only to the prevailing rainfall. Here decay 
was slow and incomplete, except in one field which was flooded naturally 
for 6 weeks. This suggests that sclerotia may persist in the soil for consid- 
erable lengths of time and that average rainfall in south Florida will not 
cause appreciable decay except in low lands which may become flooded for 
several weeks 
SUMMARY 
When flooded in marl, muck, or sandy soils, sclerotia of Nele rotinia 


sclerotiorum decayed completely within 23 to 45 days. 


Decay was equally rapid during periods of flooding regardless of depth 


of burial n soll 
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Sclerotial decay was as rapid when alternately flooded and drained at 
intervals of three days as when flooded continuously. 

The addition of green organic matter to the soil surface did not hasten 
rates of sclerotial decay during periods of flooding. 

Sclerotia decayed during field flooding at approximately the same rate 
as under laboratory conditions. 

In commercial fields sclerotia decayed slowly and incompletely when 
subjected only to prevailing rainfall in nonflooded fields. 

U.S. DEPARTMENT OF AGRICULTURE 

AND 
FLORIDA AGRICULTURAL EXPERIMENT STATION 











DAMPING-OFF OF ALFALFA CUTTINGS CAUSED BY 
RHIZOCTONIA SOLANT 


M | KER? MP, J. W. GIBLER, AND L. J. ELLING 
(Accepted for publication August 5, 1949) 


Vegetative propagation is used extensively in the breeding of disease- 
resistant varieties of alfalfa. In the increase of clonal lines, by stem cut- 
tings, serious losses of cuttings occurred in the greenhouse during the winter 
of 1947-48. This paper summarizes studies on the organisms concerned, 
disease de velopment, and control methods. 

Various methods of making and rooting alfalfa cuttings have been de- 
seribed by Grandfield, Hansing, and Hackerott (2), Tysdal, Kiesselbach, 
and Westover (3), and White (4). One of the writers (1) made a rather 


extensive study of rooting stem cuttings, using various rooting hormones, 
different types of rooting media, and different types of cuttings. The re- 
sults of these studies indicated that alfalfa cuttings rooted better in vermic- 
in sand, and that a cutting of single-node and internode length, 
with all the leaves left on the cutting, was the most desirable type to use. 
ting hormones were of no great value. 

During the winter of 1946-47 the cuttings rooted in a highly satisfactory 
manner; however, during the fall and winter of 1947-48, approximately 50 
per cent of the cuttings either failed to root (Fig. 1) or damped off in the 
greenhouse benches after they had rooted. In some flats the loss was 100 
per cent. Grandfield ef al. (2) reported a similar situation in Kansas and 
the cause to Rhizoctonia solani Kuhn and Ascochyta Hii pe rfecta 
Peck. The diseased cuttings in our investigations appeared to be similar 


to those re ported by (;randfield cl al. 4 . and Rhizoctonia solani Was ISO- 


DISEASE DEVELOPMENT AND SYMPTOMS 


Neees of diseased euttine’s were surface-disinfected with J per cent 
sodiun ne pochiorite and plated On potato dextrose agar. Rhizoctonia so- 
from 28 of 70 platings of internode tissue, while only 1 out of 50 
ieces of root tissues vielded Rhizoctonia. 

Damping-off was first observed in flats of newly established cuttings. 
The disease progressed from the sides throughout the flats, eventually kill- 
ing most or all or the cuttings (Fig. 2). This suggested that the causal 


organism was being harbored in the boards of the flats, and isolations of 


Rhizor a solani from the wood of the flats confirmed this 

Cooperative investigations by the Division of Plant Pathology and Botany and 
the D n of Agronomy and Plant Genetics, Minnesota Agricultural Experiment Sta 

ap No. 2483, Scientific Journal Series, Minnesota Agricultural Experiment 
ay 

Vern te isan iceous mineral derived from alteration of miea by heating. 
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When well-rooted cuttings were transplanted to field soil in greenhouse 
benches, damping-off developed in patches in the benches. Visual exami- 
nation of cuttings showed that the roots were intact, but the portion of the 





Mic. 1. Left, alfalfa cuttings infected with Rhizoctonia solani. Right, healthy 
cutting. 





Fig. 2. Alfalfa cuttings, infected with Rhizoctonia solani, in which infection pro- 


gressed from the sides of the flat leaving a patch of healthy plants in the center. 
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es Immediately above the roots was necrotic. The necrosis often 
ie point of root emergence up to the node. 


soft, hollow eylinder, with the central portion 


In many cases 


extended from tl 


the int rnode WasS a brown. 
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Right, cutting in 


tting: 
il ’ a4 
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Left, healthy cutting 

Rh a ani; pith has distintegrated and stem is discol 
Damping-off was especially severe at high temperatures. For example, 
many ttings wilted and died when the temperature rose above 85° F., 
but when the temperature fell below 75° F. many of the wilted plants re- 
vered temporarily and no further wilting was observed until the tem- 


perature again above So° FF This evele occurred at least three times 
ods of fluctuating temperatures in Mav and June of 1948 in a 


rose 


during pe 
p ! without controlled temperature 
RESULTS OF INOCULATIONS 
I} bservations and isolations made by the writers indicated that 
Rhizoctonia solani was the primary cause of damping-off in these plantings ; 
therefore, inoculations were made with 15 isolates of Rhizoctonia that had 
t ned from diseased cuttine’s 


been obtain 
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Inoculum was prepared by growing the 15 isolates in a cornmeal-ver- 
miculite medium consisting of 2 teaspoonsful of cornmeal to 1 pint of ver- 
miculite. This medium was sterilized in fruit jars, and the 15 isolates of 
Rhizoctonia were grown in it for 10 to 14 days. Because pathogenically 
different races of Rhizoctonia are known to exist, these isolates were mixed 
to make a composite inoculum. Since cuttings were to be rooted in ver- 
miculite in flats, 5 pint of the inoculum was mixed with enough sterilized 
vermiculite to fill a greenhouse flat with inside measurements of 4 « 133 
183 in. 

In the first test 135 cuttings were planted, comprising 3 replicates of 
15 cuttings each of 3 clones of alfalfa. Two days after planting all of the 
cuttings began to wilt, and 3 days later all were dead. It soon became 
apparent that the check flats also had become infected, because 10 days 
after the plantings were made some of the cuttings in the controls began to 
wilt, and many died a few days later. 

Isolations were made from 50 infected cuttings in inoculated flats and 
50 infected cuttings in control flats. Every one yielded Rhizoctonia solani. 
Because the organism in the controls apparently came in from the green- 
house bench, the bench and the soil in the bench were partially sterilized 
with formaldehyde, and the experiment was repeated. Also, in the repeti- 
tion, the flats were placed on sterile clay saucers, thus preventing them from 
coming in contact with the soil in the bench. In this test all of the inocu- 
lated cuttings became infected and died, while all of the control cuttings 
rooted and remained healthy. 

Wilting in nonautoclaved flats frequently appeared first near the walls 
of flats (Fig. 2) from which Rhizoctonia solani had been isolated from 
shavings. To test infested flats as a source of inoculum, 12 flats that had 
been used previously in damping-off tests were washed, and six of them 
were autoclaved. Autoclaved vermiculite was placed in all 12 flats and 30 
cuttings were planted in each flat. Three washed flats and 3 flats that 
were washed and autoclaved were placed in a greenhouse at 85° F., and a 
similar series was placed in a greenhouse at 75° F. 

In each case the cuttings in the nonautoclaved flats began to wilt within 
7 days after planting, whereas the cuttings in the autoclaved flats remained 
healthy. Thus, infested flats harbor the fungus and are a source of inocu- 
lum. 

Grandfield ef al. (2) atomized alfalfa plants with mycelial suspensions 
of Rhizoctonia solani and then planted cuttings from those plants, thus in- 
troducing the organism into their rooting medium. The writers dupli- 
cated this by covering 90 cuttings with broken pieces of mycelium and then 
planting them in autoclaved vermiculite. In each case the inoculated eut- 
tings became infected 3 days after planting, while the noninoculated ones 
remained healthy. 

Since rooted cuttings must be transplanted from the rooting medium to 
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benches, it is important to know if the causal organism can be trans- 
vith them to the benches. It was not possible to transplant cuttings 


noculated rooting medium (vermiculite) to sterile soil, because the 


euttings were always killed if the rooting medium was infested. On other 


occasions, however, when infected cuttings were inadvertently transplanted 


to ster 


shows 


ile soil in flats, the disease soon spread throughout those flats. This 


that 


iat if cuttines become infected in the rooting medium the organism 


an readily be transferred to greenhouse benches during transplanting and 
then will spread throughout the bench. 

Soil also may be a source of inoculum. This has been shown in many 
experiments where cuttings rooted in sterile vermiculite were transplanted 
to inoculated soil or to soil that was naturally infested. In all cases the 


plantu 


were f 


vrs soon succumbed TO Rhizoctonia. In one experiment, 100 euttings 


ransplanted to inoculated soil. Within 3 days all of the cuttings 


erely infected, while the controls remained healthy. 


Temperatures of So kK’. or higher were conducive to disease cle- 


nent, al experiment Was made to determine the effect of lower tem- 


es on development of the disease. Three inoculated flats containing 
nes each were placed in each greenhouse at 60°-65° F., T0°-75> F 
85° IF. A similar series was planted as controls. Damping-off oe- 


n all of the inoculated flats, the only difference being in rate of dis- 


velopment. At 60°-65° F. there was very poor rooting and the inocu- 


ttines were killed in 23 days; at 70°-75° F. some roots were formed, 
ttines became infected and died in 16 days; at 80°—85° F. the cut- 
led to root and were killed in 3 days. Cuttings in all of the non- 


flats remained healthy. 
CONTROL WITH FUNGICIDES 


preceding experiments proved that damping-off of alfalfa cuttings 


ry} enhouse can be controlled readily by usIne careful sanitary 


methods, such as sterilizing flats, rooting medium, greenhouse benches, and 


soll in be 
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Irv dusts immediate 


nches or flats, and by preventing contact of flats with soil in the 
These methods may be of no value, however, if Rhizoctonia 


introduced into the rootine medium or soil. Furthermore, since 


orkers may not have autoclaving equipment available, tests were 


determine whether the application of fungicides to cuttings before 


or to rooting medium and soil after the cuttings were planted 


‘ontrol the disease. 


ungicides were applied by two methods: (1) cuttings were dipped 


v before planting, and (2) water suspensions 
ides were sprinkled on the flats after cuttings were planted in 
te or after they were transplanted to inoculated soil. 

llowing fungicides were applied dry to an average of 130 cuttings 


thane Z78 (zine ethylene bisdithiocarbamate), Phygon (dichloro- 


uinone Semesan Jr. (ethyl mereury phosphate), Spergon W 
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(tetrachlorobenzoquinone), Tersan (tetramethyl thiuram disulfide), Tri- 
basic copper sulfate, and Zerlate (zine dimethyl! dithiocarbamate ). 
Table 1 is presented in order to give the fungicides, rates of applica- 


TABLE 1.—Fungicides sprinkled on vermiculite or soil, rates of application, and 


total number of cuttings used in tests 


" . Grams per Total number of 
ungicidea ! 4 : 

: square foot cuttings in tests 
Calo-Clor (mereurie and mercurous chloride 0.5 180 
Dithane Z78 (zine ethylene bisdithiocarbamate 1.8 $() 
Fermate (ferrie dimethyl dithiocarbamate 68.0 10) 
Phygon (dichloronapththoquinone 3.0 360 
Phygon-XL_ (dichloronapthoquinone ) 1.3 10 
Semesan Jr. (ethyl mereury phosphate 27 a0) 
Spergon tetrachlorobenzoquinone o.0 180 
Tersan (tetramethyl thiuram disulfide 3.0 150 
Tribasie «4 ppel sulfate copper basie sulfate 1.0 150 
Zerlate (zine dimethyl dithiocarbamate 1.2 1() 
Leafox 2ZOOA (zine oxide 11.0 10) 


i None of the fungicides listed gave ¢ ffective control, 


tion, and number of cuttings used in tests in which the fungicides in water 
suspensions were sprinkled on the flats. Various numbers of cuttings were 
made from 12 different clones. All of the tests were replicated 3 times 
and the most promising tests were repeated 2 or 3 times 

None of the fungicides adequately controlled damping-off after Rhizoc- 
tonia solani had been introduced into the rooting medium or into soil to 
which rooted cuttings were transplanted. However, Phygon apphed dry 
to cuttings before planting in inoculated flats showed some promise. In 
these tests, 76 per cent of the cuttings rooted and survived long enough to 
be transplanted to inoculated soil, but after being in soil several weeks 
they finally succumbed to Rhizoctonia. There was no phytotoxie effect of 
Phygon applied in this manner. 

Since the cuttings were protected to a considerable degree with Phygon, 
it was considered that this technique might be used safely to partially 
surface-disinfect cuttings and prevent the introduction of Rhizoctonia so- 
lan’ into the rooting medium. 

Two hundred seventy cuttings were made and planted in sterile vermic- 
ulite. The internodal portions of 90 were covered with mycelium of 
Rhizoctonia solani and planted ; 90 were covered with Rhizoctonia, dipped 
into dry Phygon, and planted; and the remaining 90 were planted as a 
control. Within 7 days all of the inoculated cuttings became diseased, 
while those that had been inoculated and treated with Phygon, and the 
controls, all remained healthy and rooted well. In this experiment, as well 


as in preceding tests, there was no toxic effect of Phygon on the cuttings. 


DISCUSSION AND CONCLUSIONS 


The results of these experiments demonstrated that Rhizoctonia solani 
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causes damping-off of alfalfa cuttings in the greenhouse, as reported by 
Grandfield, Hansing, and Hackerott (1). The organism was introduced 
into greenhouse flats and benches on the cuttings themselves, from infested 
flats and benches, and from infested soil or vermiculite. 

All of the tests in which equipment was autoclaved were successful in 
controlling the disease. These included autoclaving flats, vermiculite and 
soil. In addition, partial sterilization of soil in benches with formaldehyde 
helped to prevent infestation from that source when flats were placed on 
sterile clay saucers, thus preventing their contact with the soil in the 
benches 

Fungicides were of no value when sprinkled onto flats and benches 
after the cuttings were planted. However, Phygon applied dry to cut- 
tings provided some protection to cuttings planted in infested vermiculite, 
and definitely prevented infection when applied to inoculated cuttings. 
The latter method is recommended to surface-disinfect cuttings and thus 
prevent the introduction of the causal organism into the rooting medium. 

In 1947-48 approximately 50 per cent of the cuttings were lost because 
of infection by Rhizoctonia solani. In the fall and winter of 1948—49, the 
writers applied these sanitation methods and obtained very satisfactory con- 
trol of the disease. The flats were sterilized in an autoclave, new vermicu- 
lite was used for the rooting medium, the greenhouse benches were washed 
with a 5 per cent solution of formaldehyde, fresh field soil was placed in 
the benches, and the flats were raised above the soil level by placing them 
on sterile clay saucers. Virtually no loss was sustained in approximately 
12,000 cuttings from 70 clones in the rooting medium, as compared to 100 
per cent loss in some flats the previous vear. 

The cuttings were then transplanted to fresh tield soil in benches. Five 
months later no infection could be observed in 55 clones, but the remaining 
1d clones had various deerees of infection. These differences were attrib- 
uted to natural infestation of field soil and different degrees of susceptibil- 
ity of the different clones, a phenomenon that has been consistently apparent 
throughout these investigations. 

In view of the results of these investigations, the writers recommend 
that th sanitary methods described herein be applied by those workers who 
find it necessary to grow alfalfa by vegetative propagation. As a precau- 
tion against introducing Rhizoctonia solani into the rooting medium, it Is 
further recommended that the internodal portion of the cuttings be dipped 
in dry Phygon immediately before planting. 

MINNESOTA AGRICULTURAL EXPERIMENT STATION 

UNIVERSITY FARM 
St. Pau, MINN 
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RELATION OF ENVIRONMENTAL FACTORS TO BACTERIAL 
WILT OF TOMATO! 
Ms &. GALLEELY, dRB., 4No F.C. WALES 
\ecepted for publication July 25, 1949) 
INTRODUCTION 

Bacterial wilt (Pseudomonas solanacearum E. F. Sm.) is a disease of 
tomato, potato, tobacco, and numerous other plants in the southern part of 
the United States and in various tropical and subtropical countries. It is 
virtually absent north of the fortieth parallel in North America although 
Vaughan (4) found that the organism can live over winter in soils at least 
as far north as central New Jersey. He found that tomato plants became 


infected at soil temperatures as low as 13° C. but symptoms ordinarily did 


not become apparent until the temperature was raised to 21°. The rate of 
disease development increased with increase in soil temperature from 21 
to 48 [It was found that disease development was more rapid in soils of 


high moisture than in soils of low moisture. 

The purpose of the present investigation was to compare the effect of 
various pre-inoculation and post-inoculation environal factors upon develop- 
ment of bacterial wilt of tomato, and to compare the results with similar 
studies already reported (2, 3) on two other vascular diseases of tomato, 
1.e., Fusarium wilt (Fusarium oa ysporum ft. lycopersici (Saece.) Snyder 
and Hansen) and bacterial canker (Corynebacterium michiganense (E. F. 
Sm.) H. L. Jensen 


METHODS AND MATERIALS 


Seed of the Bonny Best variety of tomato Lycope rsicon esculentum 
Mill.) was planted in enameled pans in clean white silica sand and watered 
with distilled water. Approximately 3 weeks later, when the first true 
leaves were forming, the seedlings were transplanted to 8-in. glazed crocks 
containing a mixture of 3 parts greenhouse compost soil and 1 part sand. 
Each crock contained 5 plants, and 4+ or 5 randomized replicates of one 
erock each were used for each environal treatment except for eases indi- 
eated later where facilities did not permit arrangement of pots in random- 
ized replicates. Predisposing conditions are described for each experiment 
under Experimental Results. 

The culture of the wilt organism was a virulent single-colony isolate kept 
under sterile mineral oil. Bacteria were transferred from under oil to 
nutrient-dextrose-agar slants (Bacto-peptone, 10 @m.; dextrose, 10 g@m 
beef extract, 3 gm.; agar, 20 gm.; and distilled water, 1,000 ml.). Three 


This investigation was supported in part by a grant from the Wisconsin Alumni 
Research Foundation 
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days later the bacterial growth was used to seed several 6-0z. bottle slants. 
For the inoculum, bacterial growth from twenty 3-day-old bottle-slant cul- 
tures was suspended in one liter of distilled water. 

After 30 days’ growth at the various environal treatments, the plants 
were removed and their washed roots were dipped in the inoculum, after 
which they were replanted to their respective crocks. Control plants were 
treated in the same manner except that distilled water was used in place of 
the inoculum. 

Shortly after the first appearance of symptoms and at varying intervals 
thereafter the plants were examined and placed in one of the disease classes 
listed below with its corresponding numerical rating : 0, healthy ; 25, slightly 
wilted ; 50, moderately wilted; 75, severely wilted; 100, dead. To secure a 
disease index, the number of plants in each class was multiplied by its re- 
spective rating number, the totals were added, and the sum was divided by 
the total number of plants in the replicate. The disease indices cited in 
each experiment are averages of the replicates of a given environal treat- 


ment. The results were subjected to analysis of variance. 


EXPERIMENTAL RESULTS 
Tnflue nee of Soil Te nipe rature 


Wisconsin soil temperature tanks were used to study the effect of soil 
temperature. An average air temperature of 22° C. and an optimum soil 
moisture for host development were maintained. The first experiment ex- 
tended through November and December and the second through January 
and February. Tanks were adjusted to maintain soil temperatures of 18 
24°, 30°, and 36° C. in the first experiment and 24°, 28°, 32°, and 36° C. 
in the second experiment. At each temperature there were 20 crocks with 
5 plants in each crock. Plants were grown at the respective soil tempera- 
tures for 30 days and then inoculated. The greatest amount of growth oe- 
curred in the range of 28° to 32° C. 

The crocks were arranged so that at each post-inoculation soil tempera- 
ture there were 1 uninoculated and 4 inoculated crocks from each pre-in- 
oculation soil temperature. The indices at the end of the two experiments 
are presented in tables 1 and 2. 

In each experiment the effect of post-inoculation soil temperature was 
most pronounced. The decided increase in indices was evident in each 
pre-inoculation group and in the averages from 18° up to 30° in experiment 
1 and from 24° to 32° in experiment 2. The rate of disease development 
was maintained at a nearly constant level above 30° as far as 36°. While 
some differences appeared between pre-inoculation groups as shown in the 
figures, they were not consistent in the two experiments and differences be- 
tween groups were seldom significant. The data show that soil tempera- 
ture has little or no predispositional effect on the tomato seedlings as it was 


shown to have in the case of Fusarium wilt (2) and bacterial canker (3 
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Kk ff zz p and post-in0ec lation soil femperature on development of 
a ( days after inoculation ¢: ¢ rperiment 7, Vovember and De 
é h 
Post Pre-inoculation temperature, °C. Mean for post 
eulation inoculation 
temperatut 18 24 30 36 temperature 
( Inde Index Index Index Indea 
18 17 7 24 28 19 
24 34 jl $7 65 14 
71 8] 92 96 8) 
( RQ 100 93 Q7 Q5 
Me l 
pre 
tul ) sta 64 72 
LSD 19: ] 99: 1 
For comparison of individual indices: 18 24 
For comparison of post-inoculation means: 9 12 
Fo mparison of pre-inoculation means: 9 12 
TrABLI 4 Effect of pre and post noculation soil femperature on development of 
hacte a of fe ato at 6 daus atte) noeulation s experiment 2, January and ke b 
ruary 
| 
Post Pre-inoculation temperature, °C. Mean for post 
inoculatioz inoculation 
temperature 24 28 32 36 temperature 
( Inde Index Indea Tndea Index 
o4 24 4] 13 36 36 
OR 56 56 40 52 51 
59 70 74 69 76 74 
26 RH 79 7° St) &() 
Mean ind 
pre I 
tion te } 
tire hf 64 56 61 
LSD 19: ] 99: 1 
; . . ° ~ 
For comparison of individual indices: 15 20 
For comparison of post-inoculation means: 7 10 
K nparison of pre-inoculation means: NS NS 


Influence of Air Temperature 


‘1 


The effect of air temperature on disease development was studied in a 
manner similar to that described for soil temperature. Wisconsin tem- 
perature tanks were adjusted to give a common soil temperature of 28° C. 
Twenty-five glazed crocks, 5 plants per crock, were kept at 16°, 20°, 24 

and 28° air temperature for 30 days and then inoculated. The tomatoes 
grown at 20° and 24° were large and succulent. Those grown at 16° were 
short and stocky while those grown at 28° were rather spindly. After in- 


oculation, the crocks were rearranged in the manner described for soil tem- 


perature studies so that each post-inoculation temperature contained 1 un- 
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inoculated and 5 inoculated crocks of plants grown at each of the pre-inocu- 
lation air temperatures. 


ease indices are presented in tables ‘ 


TABLE 


Post 
inoculation 
temperature 


3.—Effect of pre 


16 


Pre-inoculation temperature, °C. 


The first experiment was conducted in January, 
February, and March, the second in March, April, and May. 


and 4. 


The final dis- 


and post-inoculation air te mperature on deve lopme nt of 
bacterial wilt of tomato at 25 days after inoculation ; experiment 1, January to March 


Mean for post 


inoculation 





20 24 28 temperature 
“< Index Inder Index Inder Index 
16 30 4] 44 17 33 
20 4] 35 47 35 40 
24 51 47 45 43 47 
28 54 75 69 18 62 
Mean index for 
pre-inocula 
tion tempera 
ture 44 50 51 36 
LSD 19: 1 99:1 
For comparison of individual indices: 17 23 
For comparison of post-inoculation means: 9 12 
For comparison of pre-inoculation means: 9 12 


TABLE 4.—Effect of pre- and post-inoculation air te mperature on development of 
bacterial wilt of tomato at 28 days after inoculation; experiment 2, March to May 


Post Pre 


inoculation temperature, °C. 
inoculation 


Mean for post 


inoculation 
temperature 16 20 24 


28 temperature 
( Tndea Tndea Indea Inder Indea 
16 60 59 43 49 53 
20) 68 57 $3 51 55 
24 78 59 73 55 66 
OR on 60 65 56 68 
Mean index for 
pre-inocula 
tion tempera 
ture 74 59 56 oe 
LSD 19: 1] 99: ] 
For comparison of individual indices: 19 25 
For comparison of post-inoculation means: 9 12 
For comparison of pre-inoculation means: 9 12 


At a constant favorable soil temperature of 28° C. the supplementary 
effect of post-inoculation air temperature was not so pronounced as was the 
effect of soil temperature in the previous experiments. 


in average disease index from 16 


There was a rise 
Controlled 
were not available and it is not to be inferred, 
therefore, that higher air temperatures are not more favorable for disease 
development. 


to 28° in each experiment. 
air temperatures above 28 


In the individual pre-inoculation groups the difference in 
index betaveen temperature increments was often small and insignificant. 








940 PHY TOPATHOLOGY [ Vou. 39 


The differences between pre-inoculation groups were not consistent in the 
two experiments. In both experiments the 28° pre-inoculation plants which 
tended to be spindly usually had the lowest indices. In the winter experi- 
ment the 20° and 24° pre-inoculation plants were the most succulent and 
usually had the highest disease indices. In the spring experiment the 
16° pre-inoculation plants were smallest and stockiest and they were 
consistently the most susceptible, while the 24° pre-inoculation plants 
which were the largest and most succulent were, contrary to the results in 
the winter experiment, intermediate in rate of disease development. 

[t can be concluded trom these experiments that the differential effect of 
air temperature is more effective after inoculation than previous to inocu- 
lation in the case of bacterial wilt. It has the same general effect, but in 


the main is less influential than soil temperature. 


Influence of Soil Moisture 


To study the effect of soil moisture on disease development, plants were 
grown at low (40 per cent water-holding capacity), optimum (50 per cent 
w.h.c.), and high (near 100 per cent w.h.c.) soil moistures. These mois- 
ture levels were maintained by adding distilled water to the crocks each 
morning to bring them up to the desired weights. Plant weights were esti- 
mated and additional water was added to correct for the gain in weight. 
When the plants became larger the crocks were brought to the desired 
weights twice daily. The first experiment was performed during July, 
August, and September when the air and soil temperature ranged from 28 
to 35> | Light intensities ranged from 400 to 1600 foot-candles. The day 
length was adjusted to 18 hr. by use of fluorescent lamps. The second experi 


ment was performed during December, January, and February when day 


lengths were not controlled. After 30 days’ growth the plants were removed 
ind inoculated. Plants grown at the low moisture level were low in vigor and 
succulen Plants grown at optimum and high soil moisture levels were 
equal in fresh weight measurements at the time of inoculation. However, 
those from the high moisture level were spindly and slightly yellow. At 


the end of the experiment growth was less at low and at high soil moisture 
than at t optimum level 
s are presented in tables 5 and 6. In the first experiment 
no influ vas exerted by pre-inoculation soil moisture. After inocula 
disease index was significantly lower in the plants at low 
soil moisture than in those in the same pre-inoculation group grown at op- 
timum or high soil moisture. In the second experiment disease develop- 
ment was slightly less in plants that were grown before inoculation at the 
low moisture level. After inoculation the disease indices were lower in 
the plants at low and optimum soil moisture than in those in the same pre- 


inoculation group grown at high soil moisture. In both experiments, 


disease development in plants grown at high soil moisture after imocula- 
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tion was greater than in those grown in low soil moisture. This is in 
accord with Vaughan (4), who found that bacterial wilt developed more 
rapidly in high soil moisture than in low soil moisture. 


TABLE 5. Effect cf pre and post inoculation soil moisture on deve lopme nt of bac 
terial wilt of tomato at 34 days after inoculation; experiment 1, July to September 


Post- Pre-inoculation soil moisture Mean for post- 
inoculation inoculation 
soil moisture Low Optimum High soil moisture 

Inde 1 Inde L , Inde Lad Index 
Low 53 58 55 55 
Optimum 8] 84 85 83 
High 71 84 85 80 


Mean index for pre 
inoculation soil 


moisture 68 75 75 
LSD 19: 1 99: 1 
For comparison of individual indices: 20 27 
For comparison of post-inoculation means: 12 16 
For comparison of pre-inoculation means: NS NS 


TABLE 6.—Effect of pre- and post-inoculation soil moisture on development of bac- 
terial wilt of tomato at 27 days after inoculation; ¢ rperiment 2, December to February 


Post Pre-inoculation soil moisture Mean for post 
inoculation inoculation 
soil moisture Low Optimum High soil moisture 

Inde 1 Inde ] Inde a Inde r 
Low 24 51 56 44 
Optimum 49 17 4] 46 
High 55 59 76 63 


Mean index for pre 
inoculation soil 


moisture 13 52 58 
LSD 19: 1 99:1 
For comparison of individual indices: 22 NS 
For comparison of post inoculation means: 14 NS 
For comparison of pre-inoculation means; NS NS 


Influence of Day Length 


To study the effect of photoperiod in predisposing tomato plants to 
bacterial wilt, cages covered with black 14-lb. building paper were used to 
adjust day length. One group of 15 crocks of plants was covered with a 
black cage from 4+ P.M. until 10 A.M., a second group was covered from 7 
P.M. until 7 A.M., and a third was left uncovered. Fluorescent lamps were 
regulated to burn from 4 A.M. until 10 P.M. Thus plants were grown at 
day lengths of 6 hr., 12 hr., and 18 hr. Soil moisture was kept near the 
optimum level. After 30 days’ growth the plants were removed and inocu- 
lated. Plants grown at the 6-hr. day length were small, vellow, and spindly 


while those grown at 12 hr. appeared healthy but were shorter and less suc- 
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TABLE 7.—Effect of pre- and post-inoculation day length on development of bae- 
terial wilt of tomato at 33 days after inoculation ; experiment 1, July and August 
Post Pre-inoculation day length Mean for 
inoculation post-inoculation 
d length 6-hr. 12-hr. 18-hr. day length 
HT 8 Inde j Inde i] Inde H of Inde J 
@ 8] RS 9] 87 
75 66 74 72 
18 63 419 65 59 
Mear nde fo. 
pre ? " 
day length 7 68 te 
LSD 19: 1 99: ] 
For comparison of individual indices: 35 NS 
For comparison of post-inoculation means: 20 NS 
For comparison of pre-inoculation means: NS NS 


eulent than those grown at the 18-hr. day length. After inoculation, the 
erocks were rearranged so that each post-inoculation length of day contained 
1 uninoculated and 4 inoculated crocks of plants which were predisposed 
at 6-hr., 12-hr., and 18-hr. day lengths. The first experiment was performed 
during July and August when air and soil temperatures ranged from 28° 
to 32° C. The second experiment was carried out from September to 
October, when average light intensities were lower than in the first experi- 
ment 

In the midsummer experiment (Table 7) there were no appreciable dif- 
ferences between pre-inoculation day-length groups. There was, how- 
ever, a consistent downward trend in index with increase in post-inocula- 
tion day length for each pre-inoculation group. In the autumn experiment 
Table 8) when light intensities were lower, there was a trend toward re- 
duction in index with increase in pre-inoculation day lengths, but only 


when the post-inoculation day lengths were 12 or 18 hr. As in the mid- 


TABLE 8 Effect of pre and post inoculation day length on developme nt of bac 


} 


tomato at 6 days after inoculation ; exrperime aut 3. Septe mber and October 


Post Pre-inoculation day length Mean for 
‘ post-inoeulation 
da ot] 6-hr. 12-hr. 18-hr. day length 
H Inde Inde Tnde 1 Inde } 
( 76 re 90 79 
50 33 aA f) 34 
12 55 14 & 26 
Meany Foy 
day lenct! 60 39 39 
LSD 19: 1 99: 1 


For comparison of individual indices: 


| } son of post ( thon means: 


» 
14 
For mparison of pre-inoe lation means: 14 18 
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summer experiment there was a definite trend of reduction in disease index 
with increase in post-inoculation day length. It appeared that there was 
some interaction between light intensity and day length in predisposition 


of tomato plants to bacterial wilt. 


Influence of Light Intensity 

In some of the previous experiments there were distinct indications that 
light intensity influenced the interaction of host and parasite. In the air 
temperature series there was little difference between pre-inoculation groups 
in the midwinter experiment, while in the spring experiment when light 
intensity was greater the groups predisposed at 20°, 24°, and 28° C., were 
significantly lower in disease index than those predisposed at 16°. In the 
length-of-day experiments the differences between post-inoculation groups 
and between pre-inoculation groups were greater in the autumn experiment 
than in the midsummer experiment. In the soil moisture experiments the 
differences between pre-inoculation groups were greater in the winter experi- 
ment than in the midsummer experiment. 

Twelve crocks of plants were grown under cheesecloth and 12 were 
grown near-by on the greenhouse bench to give low and normal light in- 
tensities, respectively. The light intensity at normal ranged from 400 foot- 
eandles on cloudy days to 1600 foot-candles on bright days, while at low 
light the intensities ranged from 100 to 400 foot-candles. Light intensity 
readings were made with a General Electric Exposure Meter equipped with 
multiplying masks. Optimum soil moisture conditions were maintained. 
After 26 days’ growth the plants were removed, weighed, and then inocu- 
lated. The plants grown under low light were small and spindly while 
those grown under normal light were large and very succulent. After in- 
oculation, 1 crock of uninoculated and 5 of inoculated plants from each 
pre-inoculation light intensity were placed under both low and normal light 
conditions. The first experiment was performed during July and August 
with fluorescent lights supplementing daylight to give an 18-hr. day length. 
The second experiment was in October and November. <A third experi- 
ment was run in December and January. 


In table 9 are shown the effects of reduced and normal post-inoculation 


lit 


suscept b ,of plants 


TABLE 9.—The effect of post-ino tion light intensities on 


grown at normal light intensity before noculation 


Post-inoculation light intensity 


LSD 19: 1 


Time of \ il 
Reduced Normal 
Inde Inde 
July-August 61 39 19 
15 24 14 


October-November 15 
December—J anuary 9° 64 
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light intensities on the development of disease in plants grown previous to 
inoculation at the current normal light intensity; the results are from mid- 
summer, autumn, and midwinter experiments. It may be seen that in each 
environment reduced light intensity increased severity of disease develop- 
nent. In table 10 the effect of pre-inoculation light intensity is shown when 


jo ABLE 10 T he effect of pre noculat onl ght inte nsities on susceptibility of plants 


rf 2 bt ; f , ~ilat 
a ) al ah ntens / alte) nor ation 


Pre-inoculation light intensity 


LSD 19: ] 


Reduced Normal 

Inde Index 
Jul August ?6 39 NS 
Seg, See 19 24 14 
Deceml lanuarm 65 64 


applied at the same three seasons. In midsummer when normal light in- 
tensity was highest and in midwinter when it was lowest, pre-inoculation 
light intensity had little effect. In autumn pre-inoculation reduction in 


light intensity had the same effect as post-inoculation light intensity. 


DISCUSSION 


It is clear that environal conditions after inoculation were of primary 
importance in determining the rate of development of bacterial wilt of to- 
mato. Experiments with soil temperature showed that in each pre-inocu- 
lation group there was an increase in rate of disease development with an 
increase in post-inoculation temperature. Post-inoculation air temperature 
had the same general effect as post-inoculation soil temperature, but in the 
main it was less influential than soil temperature. In experiments with 
soil moisture the data showed that disease development was higher in plants 
grown after inoculation at high soil moisture than in those grown at low 
soil moisture. In each pre-inoculation day-length group there was a con- 
sistent increase in disease development with decrease in post-inoculation 
day length. Post-inoculation results with low and normal light intensity 
showed an increase in disease development in the former light. 

The effects of pre-inoculation environal factors on development of bac- 
terial wilt were not so pronounced and consistent as the effects of post-in- 
oculation environment. The first experiment with soil temperature showed 
that tomatoes predisposed at high soil temperature were more susceptible 
than plants predisposed at low temperature. Hlowever, results of the see- 
ond experiment showed pre-inoculation temperatures to have little or no 
effect on disease development and thus failed to confirm those of the first 
experiment. In both of the experiments where the predisposing air tem- 


perature was varied, disease development was influenced but it was obvious 


that the uncontrolled factors at the two periods in the year modified the re- 


























1949 | GALLEGLY AND WALKER: TOMATO WILT 945 


sults considerably. In the winter experiment the 20° and 24° C. pre-inocu- 
lation plants were the most succulent and usually had the highest disease 
indices. In the spring experiment the plants predisposed at 16° air tem- 
perature were the smallest and stockiest and they were consistently the most 
susceptible. Contrary to the results of the first air temperature experiment 
the 24° pre-inoculation plants which were the largest and most succulent 
were intermediate in rate of disease development. In both experiments 
the plants predisposed at 28° air temperature were consistently less sus- 
ceptible than those predisposed at each of the lower temperatures. 

Various levels of soil moisture had no predisposing effect on disease de- 
velopment in an experiment performed during the summer; in a winter 
experiment plants predisposed at low soil moisture were slightly less sus- 
ceptible but not significantly so. In the first length-of-day experiment, 
performed during the summer, pre-inoculation day lengths failed to alter 
disease development; but in the second experiment, performed during late 
fall, plants predisposed at day lengths of 6 hr. were more susceptible than 
those predisposed at day lengths of 12 and 18 hr. In midsummer when 
light intensity was highest and in midwinter when light intensity was lowest, 
pre-inoculation light intensity had little effect on disease development. In 
autumn when light intensity was intermediate, plants predisposed at low 
light intensity were more susceptible than those predisposed at normal light. 

It is of interest to compare the post-inoculation results with those se- 
cured by essentially the same methods with Fusarium wilt and bacterial 
eanker of the same host (2, 3). Development of Fusarium wilt and baec- 
terial canker increased with an increase in soil temperature up to 28° but 
they were decreased when temperatures were increased to 36° and 34° C., re- 
spectively ; bacterial wilt increased with an increase in soil temperature up 
to 36°. Thus the optimum temperature for development of bacterial wilt 
was higher than it was for the other two diseases. Bacterial wilt increased 
with an increase in post-inoculation air temperature from 16° to 28° C., 
while with bacterial canker there was little difference due to the same tem- 
peratures when the soil was maintained at a constant temperature. The 
results with Fusarium wilt cannot be compared with the other two since the 
soil temperature was allowed to vary with the air temperature. With bac- 
terial canker it was found that disease development after inoculation was 
greater at low and optimum soil moisture; with Fusarium wilt, Clayton 
(1) found that disease development was greater at optimum soil moisture. 
Bacterial wilt development was higher at optimum and high soil moistures. 
The point of particular import here is that post-inoculation effects of soil 
moisture on bacterial wilt and on bacterial canker were diametrically op- 
posite. Low light intensity after inoculation was more favorable to de- 
velopment of bacterial wilt and less favorable to development of bacterial 
eanker than normal light intensity. Thus, light intensity also was diamet- 
rically opposite in its effect on these two diseases. Post-inoculation day- 
length studies were not conducted with Fusarium wilt and bacterial canker. 
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SUMMARY 


Young tomato plants of the variety Bonny Best were subjected to vari- 
ous environments for a 30-day period before inoculation with the bacterial 
wilt organism (Pseudomonas solanacearum FE. F. Sm.). In each experi- 
ment only one factor of environment was varied. After inoculation the 
plants were rearranged and again subjected to various degrees of this fae- 
tor. Thus results were obtained which showed the effect of post-inocula- 
tion and pre inoculation environal factors on disease development. 


Post-inoculation results showed that bacterial wilt increased with an in- 


crease in soil temperature and with an increase in air temperature up to 
36° and 28° C., respectively. Air temperatures above 28° were not studied. 
Disease development was greater after inoculation at low light intensity and 
z short day lengths than at respective normal light intensity and longer day 


lengths. At optimum and high soil moisture levels, disease development 
was greater than at low soil moisture. 

Pre-inoculation environal factors were not so influential in affecting 
disease development as were post-inoculation factors. In one experiment 
with soil temperature there was an increase in disease with an increase in 
pre-inoculation temperature. In a second experiment, predisposing soil 
temperatures had little effect on disease development. Plants that were 
predisposed at 28° air temperature were less susceptible than those predis- 
posed at lower temperatures. In one experiment with varied light intensi- 
ties, plants predisposed at low light were most susceptible. In two other 
experiments, pre-inoculation light intensity had little effect. Results of 
one experiment with varied leneths of day showed a decrease in disease 
with an increase in predisposing day lengths. Results of another experi- 
ment s ed predisposition to have little effect on disease development. 
Predisposing soil moisture levels had little effect on wilt development. 


Results of these experiments indicate that environal conditions after 


noculation are of primary importance in determining the development ot 
bacterial lt in tomato plants. 
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PHYTOPATHOLOGICAL NOTES 


Ascochyta pinodella Footrot of Peas in Western Washington.'—The 
intensification of pea growing for canning and freezing in western Wash- 
ington has been accompanied by an increase in prevalence and destruc- 
tiveness of footrot organisms. Studies made from 1943 to 1946 showed 
that Ascochyta pinodella Jones was responsible for approximately three- 
fourths of the loss, with Aphanomyces sp., Fusarium spp., and Rhizoctonia 
sp. accounting for most of the remainder. Pea wilt Fusaria were encoun- 
tered only in limited areas. 

The destructiveness of footrot varied from year to year even within the 
same fields in conjunction with climatic variations. During cool and moist 
summers almost normal yields were obtained in certain fields in which 
practically every plant was attacked. Yet during hot dry summers the 
yield from such fields was severely reduced. 

Analyses* of soil samples taken from fields infested to different extents 
did not show any correlation between the severity of the disease and pH, 
nitrogen, potash, calcium, or organic content. In 1943, there was a slight 
correlation between low phosphorus and a small amount of footrot, as 
compared to high phosphorus and considerable footrot. However, the cor- 
relations were not striking. 

While studying the pathogenicity of single-spore cultures of the various 
isolates, it was noted that considerable sectoring and variation in cultural 
appearance occurred in Ascochyta pinodella. Such variation was ex- 
pressed by rapid vs. slow growth, dark vs. light mycelium, appressed vs. 
matted mycelium, efc. Some of the variation and sectoring can be ob- 
served in figure 1. <A variation in pathogenicity between different isolates 
was also encountered, but no attempt was made to correlate this with cul- 
tural characteristics. 

Tests of resistance were made in the hope of obtaining a variety suit- 
able either for growing or for breeding purposes. Over 500 named and 
unnamed varieties or strains® were tested in the greenhouse and/or field 
by pouring on the seeds at planting time suspensions of the macerated 
fungi cultured on agar or barley. Most of the tests were performed in 
duplicate or quadruplicate and repeated at least once with all varieties and 
more often with the most promising ones. The plants were dug after 


1 Published as Scientific Paper No. 847, Agricultural Experiment Stations, Institute 
of Agricultural Sciences, State College of Washington, Pullman, Washington. 

2 The assistance of V. L. Miller and Karl Baur of the Western Washington Experi- 
ment Station, in making these analyses, is gratefully acknowledged. 

Many of these were from the collection originally assembled by D. N. Shoemaker, 
used by Dr. B. L. Wade for his wilt resistance studies, and obtained through the kindness 
of Dr. W. J. Virgin. Others were sent the writer by Drs. J. L. Weimer, B. L. Wade, 
E. J. Delwiche, and T. E. Randall, and many seed companies. 
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blooming and graded into three or four lots based upon the degree of 
severity of footrot. From this an index of infection was obtained. 

Many of the difficulties listed by Weimer* were encountered in the test- 
ing program and similar allowances have had to be made in interpreting 
the data. None of the varieties given adequate tests could be considered 
immune However, certain ones possessed considerable resistance to vari- 
ous isolates of A. pinodella under western Washington conditions. Among 
these was bBangalia (Crites Moscow)°® which Weimer* listed as very sus- 


ceptible under Georgia conditions to a combination of A. pinodella and 





Fr Se oring of singile-spore isolates of Ascochyta pinode lla grown on potato- 
Vycosphaerella pinodes (B. and B.) Vest. However, the Lawyers® have 
stated that varieties may react differently to these two funel even though 
the latter are closelv related 


Dwarf Gray Sugar (Northrup King) was the most promising of all 
varieties tested adequately. One of the Shoemaker strains from Honan, 
China (labelled No. 914; Ace. No. 27625-2), was very promising in a series 
of tests with a few seeds. Likewise VA2, a selection (by the Lawyers) 
from Weimer’s H 251-11-E (Austrian Winter » FC 18074), was promis 


ing in all but one of the tests on a few seeds. The Lawyers® and Weimer 
a , Resistance of Lathyrus spp. and Pisum spp. to Ascochyta Pp nodella 
1 Mycosphaerella pinode Jour. Ag. Res. [U.S.] 75: 181-190. 1947. 


Le : Adele Lawve1 Personal communiéation. 
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have reported II 251-11-E to be slightly resistant to M. pinodes. Others 
of the Shoemaker collection having a certain degree of resistance were: 
D’Hollandia (655), DeGrace White Dwarf (656), Peulen de Grace (861), 
and Chang (894). The two market types with some resistance were Hors- 
ford Market Garden (Associated Seed Growers) and Famous (Rogers 
Bros. ). 

Rotation appears to be the only practicable control measure at the 
present time for Ascochyta pinodella footrot of peas in western Washing- 
ton. Changing the soil fertility would probably not influence develop- 
ment of the disease appreciably, in view of results of soil analyses from 
infected and healthy fields. Soil sterilization would probably be effective 
but prohibitive in cost. Therefore, the development of a resistant variety 
seems to offer the most hope for a long-time program, and this may be com- 
plicated by the apparent variation in the organism. 

In this study not a single variety or strain of peas could be found that 
might be considered immune from attack by A. pinodella, with the pos- 
sible exception of No. 914 in which only a few seeds were available for 
testing. Ilowever, a few types were found that appeared to be partially 
resistant. The best of these are starchy or field types and therefore can 
be expected to give some trouble in breeding for a suitable sugar type. 
Meanwhile it is suggested that pea growers in western Washington with 
severely infested land experiment with the varieties Horsford Market 
Garden and Famous which had a fair amount of resistance in our tests.— 
CHARLES J. GouLp, Western Washington Experiment Station, Puyallup, 
Washington. 


New Hosts for Botrytis cinerca and B. elliptica in the Pacific North- 
west.'—During the past year Botrytis cinerea Pers. ex Auct. and B. ellip- 
tica (Berk.) Cke. were observed on new hosts. B. cinerea, the common 
vray mold, was found on Gerbera Jamesonii Hooker. B. elliptica was ob- 
served causing a leaf and petal spotting on Erythronium grandiflorum 
Pursh var. pallidum St. John. 

On Gerbera Jamesonti (WSC-PP No. 19897)° growing in one of the 
local greenhouses, Botrytis cinerea was causing a very severe crown rot. 
The soil in which these Gerbera plants were growing had been used previ- 
ously to grow a crop of Ranunculus sp. Although the Ranunculus had 
been severely infected with B. cinerea, the soil was not sterilized before 
being used for the Gerbera. Initial infection occurred at the crown. From 
this point the fungus spread both laterally and downward. Infected peti- 
oles showed long, slightly sunken, dark lesions. The leaves wilted, soon 
turned pale yellow, and died. The fungus was found sporulating heavily 
on all infected parts. Severely infected plants were completely killed. 


1 Published as Scientific Yaper No. 841, Agricultural Experiment Stations, Institute 
of Agricultural Sciences, State “ollege of Washington, Pullman, Washington. 

2 These numbers refer to the Accession Series for the herbarium of the Plant Pathol- 
ory Department, The State College of Washington. 
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Both microscopic mounts and isolations showed the typical cinereous, sub- 
olobose spores of B. cinerea. The conidia measured 6.5-12 « 5.0-7.5 ph 
mean 11.5 x 7.0 p 

Botrytis elliptica, the well-known cause of a foliage spot of llaceous 
plants, was found associated with a stem, leaf, and petal spotting of Eryth- 
ronium grandiflorum var. pallidum (WSC-PP No. 19898)? growing in its 
native habitat (open stand of Pinus ponderosa Dougl., 1 mi. southeast of 
Peola, Garfield Co., Wash.). The spots were small (3 to 2 mm. diameter) 
and circular, and possessed dark brown, slightly raised borders. The cen- 
ters of the spots were light tan. On the more severely infected portions 
of the plants, the spots had coalesced to form large, dark brown, necrotic 
areas. On the stems, the symptoms were expressed as elongated spots 
which coalesced to form streaks (Fig. 1). Grayish spore Masses were 
found on many affected parts. The elliptical to elongate, hyaline conidia 
measured 12—22 « 10-14 » (mean 17.7 x 11.7 »).—Nem ALLAN MAcLEAN and 
CHARLES GARDNER SHAw, Department of Plant Pathology, State College of 
Washington, Pullman, Washington. 

Rhizoctonia Canker ot Tomato. The winter erowlne Sseasoll of 1948 
1949 in Dade County, Florida, was notable for the widespread, and in 
many cases severe, attacks of Rhizoctonia solani Kihn on vegetable crops. 
Losses of green-wrap tomatoes due to soil rot were unusually high, amount- 
ing to as much as 50 per cent of certain pickings of experimental plant- 
ings. Of particular interest on tomato, however, was the formation of 
cankers at the base of branches by this parasite. Since no reference to this 
has been found in the available literature, a description is presented here- 
with. 

Under natural conditions this canker apparently results from the 
growth of Rhizoctonia solani into the stem through a leaf in contact with 
the soil. The outline of the canker varies from nearly circular to a partial 
or complete girdling band around the branch about the width of the leaf 
base (Fig. 1, A-C). Frequently the lesion is marked with alternating 
bands of dark-brown to red-brown and light-brown or tan. The margin 
is sharply delimited and the affected area is sunken. Partially or com- 
pletely girdled branches sometimes wilt and are especially subject to wind 
or mechanical damage. In a vigorous plant, penetration of the fungus Is 
apparently limited to the cortex and outer vascular evlinder. With decline 
of the plants the canker rapidly enlarges longitudinally along the stem 
and branch (Fig. 1, D). Penetration of the vascular cylinder and pith 
occurs with lesion elongation, and girdled branches are killed. 

[solations from the margins and from the pith of elongated cankers re 
sulted uniformly in pure cultures of Rhizoctonia solani. While no selero- 
tia were found on the lesions, they were formed abundantly on potato-dex- 


trose agar. In choosing plants to be inoculated, care was taken to select 


branches subtended by healthy leaves not in contact with the soil. The 
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inoculum (sclerotia or agar disks containing actively growing hyphae) was 
inserted into slits made in the petioles about 2 in. from the stem. The in- 
oculated area was then covered with cellophane tape. Control plants were 
treated similarly except that no inoculum was introduced. 
the inoculated leaves were dead and cankers, indistinguishable from those 


Ten days later 


D 





Canker developing around petiole base. 


Fig. 1. Rhizoctonia canker of tomato. A. 
D. Enlarged canker seen 


B, C. Complete and partial girdling of branch by R. solani. 
during plant decline. 


occurring naturally, were developing on the stem. The control plants 


were unaffected by the treatment. Isolations from the cankers produced 
as a result of inoculation yielded cultures of FR. solani indistinguishable 
from subcultures of the original inoculum.—Rosert A. Conover, Univer- 


sity of Florida Sub-Tropical Experiment Station, Homestead, Florida. 





